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FACTOR Xa INHIBITORS 

v - The present application is a cont inuat ion- i&-part 

of United States Serial No. 08/947,794, filed October 8, 
1997, which is a continuation of prior application serial 
5 no. 08/428,404, filed April 25, 1995, which is a 
continuation-in-part of prior application serial no. 
08/233,054, filed April 26, 1994, all of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 



10 FIELD OF THE INVENTION 

The present invention relates generally to the 
inhibition of blood clotting proteins and more particularly 
to specific inhibitors of the blood clotting enzyme 
factor Xa . 

15 BACKGROUND INFORMATION 

The ability to form blood clots is vital to 
survival. In certain disease states, however, the 

formation of blood clots within the circulatory system is 
itself a source of morbidity. Thus, it sometimes can be 
20 desirable to prevent blood clot formation. However, it is 
not desirable to completely inhibit the clotting system 
because life threatening hemorrfiage would ensue. 

In order to reduce the intravascular formation of 
blood clots, those skilled in the art have endeavored to 
25 develop an effective inhibitor of prot hrombi nase or of 
factor Xa, which is incorporated into the prot hrombi na se 
ccmplex where it activates thrombin during clot formation. 

Appropriate concentrations of a factor Xa 
inhibitor would increase the level of prot hrombinase 
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In many rlimcal applications there is a great 
need for a nt i - coagu 1 an t trea tnent . The currently available 
a rugs are not satisfactory in many specific clinical 

10 applications. For example, nearly 50% of patients who 
undergo a total hip replacement develop deep vein 
thrombosis ( DVT ). The currently approved therapies include 
f ixed dose low molecular weight heparin ( LMWH ) and variable 
dose heparin. Even with these drug regimes, 10% to 20% of 

15 patients develop DVT and 5% to 10% develop bleeding 
r crr.o Ligations . 

Another clinica 1 situation for which better anti- 
coagulants are needed concerns subjects undergoing 
transluminal coronary angioplasty and at risk for 

20 myocardial infarction or suffering from crescendo angina. 
Tne present, conventionally accepted therapy, which 
consists of administering heparin and aspirin, is 
associated with a 6% to 8% abrupt vessel closure rate 
within 24 hours of the procedure. The rate of bleeding 

25 complications requiring transfusion therapy due to the use 
of heparin also is approximately If. Moreover, even though 
delayer closures are sigm f leant , administration of heparin 
after the t e r m i n a t i :■ n d f the procedures is of little value 
and car ; be detrimental. 
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:lcttir.a effects by rromotirg the binding of a natural 
regulator of the clotting process, anti-thr omb in III, to 
thrombin and to factor X a . The inhibitory activity of 
heparin primarily is directed toward thro mb in, which is 
5 inactivated approximately 100 times faster than factor Xa . 
Although relative to heparin, heparin sulfate and LMWH are 
somewhat more potent inhibitors of Xa than of thrombin, the 
differences in vitro are modest (3-30 fold) and effects m 
vivo can be inconsequential. Hirudin and hirulog are two 
10 additional thrombin-speci f ic anticoagulants presently in 
clinical trials. However, these anticoagulants, which 
inhibit thrombin, also are associated with bleeding 
compl ications . 

Preclinical studies in baboons and dogs have 
15 shown that specific inhibitors of factor Xa prevent clot 
formation without producing the bleeding sicte effects 
observed with direct thrombin inhibitors. Such factor Xa 
inhibitors include, f c> r ex amp 1 e , 2 , 7 - b i s - ( 4 - am i d i n o 
benzyl idene ) -cycloheptanone and Na- tos yigl ycy 1 - 3 - 

20 amidmophenylalamne methyl ester ( "TEN STOP" ) , which have 
effective inhibitory concentrations ( PC : ' s ) of about 20 nM 
ana 600 nM, respectively. ( +■ ) - ( 2 S ) - 2 - ( 4 ( { ( 3 S ) - 1 - 

a ceo imi doy 1 - 3 -py r rol id myi } oxy ) phenyl ) - 3 - ( 7 -ami di no- 2 - 

naphthyl ) propanoic acid also is representative of a class 
25 of factor Xa inhibitors (Katakura et al., Biochem. Biophys . 
Res . Co- mm . 197:965-972 (1993)). Thus far, however, these 
compounds have not been developed clinically. 

Specific pr:tem inhibitors of factor Xa also 
have been identified and include, for example, antistasm 
30 :"ATS" ; and tick ant ic ; agu I ant peptide ( "TAr " \ . ATS, whicn 
isolated from the leech, Haementerin officinalis, contains 
119 amino acids and has a K ± f or factor Xa or 1.35 nM . TAP, 
which is isolated from the tick, Ornizhcdoros moubata, 




The effectiveness of recombinant 1 y-pr oduced ATS 
and TAP have been investigated in a number of animal model 
5 systems. Both inhibitors decrease bleeding time c omp a r e d 
to other anticoagulants and prevent clotting in a 
to r ombopl as t in-induced, ligated jugular vein model of deep 
v e i n t h r omb o s i s . The results achieved in this mo a e 1 
correlate with results obtained using the current drug of 
10 choice, heparin. 

Subcutaneous ATS also was found to be an 
effective treatment in a thr omb opl as tin- induced model of 
disseminated intravascular coagulation (D1C) . TAP 
effectively prevents "high-shear" arterial thrombosis and 

15 "reduced flew" caused iy the surgical placement of a 
polyester i"DACP0N") graft at levels that produced a 
clinically acceptable prolongation of the activated partial 
thromboplastin time faPTT], i.e., less than about two fold 
prolongation. By comparison, standard heparin, even at 

20 doses causing a five fold increase in the aPTT, did not 
prevent thrombosis and reduced flow within the graft. The 
aPTT is a clinical assay of coagulation which is 
particularly sensitive to thrombin inhibitors. 

ATS and TAP have not been developed clinically. 

25 One major disadvantage of these two inhibitors is that 
administration of the required repeated doses causes the 
generation cf neutralizing antibodies, thus limiting their 
potential clinical use. Moreover, the sizes of TAP and ATS 
render oral a dm mistration i mp ossible, further restricting 

3 0 the n umb er of patients able to benefit from these agents. 
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A specific inhibitor of factor Xa would nave 
substantial practical value m the practice of meoicine. 
In particular, a factor X a inhibitor would he effective 
under circumstances where the present drugs of choice, 
5 heparin and related sulfated polysaccharides, are 
ineffective or inly marginally effective . Thus, there 
exists a need for a low molecular weight, factor Xa- 
specific blood clotting inhibitor that is effective, but 
does net cause unwanted side effects. The present 

10 invention satisfies this need and provides related 
advantages as well. 



SUMMARY OF THE INVENTION 



The present invention provides compounds that 
specifically inhibit factor Xa activity. A compound of the 

15 invention has the structure X--Y-I-B-X , wherein X : is a 
hydrogen (H), acyl, alkyl or arylalkyl group, or one or 
more amine acids, and X : is a modified C- terminal group, one 
or more carboxy-protec t ing groups (see below}, one or more 
amino acids, or other subs t i tuent s , and Y, I and R refer to 

20 the amino acids tyrosine, is o leu cine and arginine, 
respectively, and to pept idomime t i c or organic structures 
that have the same functional activities as tyrosine, 
isoleucine and arginine, respectively. In addition, a 
compound of the invention has the structure, Al -A2- ( A3 ) _ -5 , 

2 5 as defined herein. 



A c c-mp o u n d of the lr.venti o n can be linear o r 
cyclic, between about 2. and 43 residues in length and 
modified at the X-termnus or 3-terminus or both. Such 
compounds exhibit a specific inhibition of factor Xa 
30 activity with a K < 100 uM, preferably a K < 2 nM, and co 
not substantially inhibit the activity of other proteases 
involved in the coagulation cascade. Specific examples of 



I 1 e - A r g - L e u - P r c - N H .; Ac- ■. i B u . . y r - 1 1 e - A r g - 1 e u - r r c: - N H ; A c - 
Ty r-Ile-Arg-N : 2H . ' I CH ; Ac-Tvr- I ^ ( CH NH ' > -lie- Arg -Leu-Pro- 
K H iwhere " V n indicates a pseudc peptide bond, which, f o r 
5 example, can be a reduced bond as indicated by " (CH NH) "; 
pseud o peptide binds are indicated by enclosed in 

orackets, M { X V ■ " ; Ac-Ty r- 1 le-Arg-NH-CH j_ 4 - Pyr i dyl ) ; Ac-Ty r- 
lie-l 1 ! ( CH MH ! 1-Ar j-Leu-Pr j-NHj; ' ' Ac-Tyr-Chg-Arg (110 ) - 
{Vi :H NH) }-Leu-NH_-; Ac-Ty r- 1 1 e-Ar g- TP ^ COCH ) .} -G 1 y- Pr o-NH ; 

10 Ac-Tyr-Ile-Dab (N'-C.H-N) -Leu - Al a -NH- ; Ac-Ty r- 1 1 e - Pa IMe (2) - 
NH ; Tyr-Ile-Arg-NH ■ ; ( D ) -Tyr- I le-Arg-Leu-Pro-NH : ; 

Ac- (Bzl) Gly- (Chx) Gly- ( 3 -guanidopropyl ) Gly-NH : ; CycloiGly- 
Tyr-I le-Arg-Gly ) '; Tf a- ( iBuO Ty r-Chg-Arg-Leu- Pro-NH ; Ac-pAph- 
Gng-Arg-Leu-Pro-NH ; Ac-Nal ( 2 ) -Chg-Arg-Leu-Pro-NH_ ; Ac-pAph- 

15 Chg- Pa IMe ( 3 ) -NH_ ; and pharmaceuticaily acceptable salts and 
C- terminal derivatives such as amides, esters, alcohols and 
aldehydes thereof {see, also, Table b ; . Methods f 

specifically inhibiting the activity cf factor Xa and of 
inhibiting blood-clotting in an individual also are 

20 provided. Methods of detecting factor Xa levels or 

activity are provided as well. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of the blood 
coagulation cascade . 

25 Figure 2 exemplifies a structure for a compound 
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DETAILED DESCRIPTION OF THE INVENTION 

Blood coagulation is a complex process involving 
a progressively amplified series of enzyme activation 
reactions in which plasma zymogens are sequentially 
5 activated by limited proteolysis. Mechanistically the 
blood coagulation cascade has been divided into intrinsic 
and extrinsic pathways, which converge at the activation of 
factor X; subsequent qeneratirn of thrombin proceeds 
through a single common pathway ; see Figure 1) . 

10 Present evidence suggests that the intrinsic 

pathway plays an important role in the maintenance and 
growth of fibrin formation, while the extrinsic pathway is 
critical m the initiation phase of blood coagulation. It 
is generally accepted that blood coagulation is physically 

15 initiated upon f o r ma tion of a tissue factor/ factor Vila 
complex. Once formed, this complex rapidly initiates 
coagulation by activating factors IX and X. The newly 
generated factor Xa then forms a one-to-one complex with 
f actor 7 a and phospholipids to form a prothr omb inase 

20 complex, which is responsible for converting soluble 
fibrinogen to insoluble fibrin. As time progresses, the 
activity of the factor 71 la /tissue factor complex 
(extrinsic pathway) is suppressed by a Kunitz-type protease 
inhibitor protein, TFPI, which, when complexed to factor 

25 Xa, can directly inhibit the proteolytic activity of factor 
Vila/tissue factor. In order to maintain the coagulation 
process in the presence of an inhibited extrinsic system, 
additional factor Xa is produced via the thrombin-mediated 
activity of the intrinsic pathway. Thus, thrombin plays a 

30 dual autocatalytic role, mediating its own production and 
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The autccataly:.:: nature of tr.r cmb in genera:: :>r. 
is an : .Tip o r : a n : safeguard agains: uncontrcl led bleeding and 
: t ensures t h a : , c n c e a q i v e n threshold level :> f 
p : o:hremb:na se is presen:, blood ccagulaticr. will proceed 
5 to conpletion, effecting, for example, an end of the 
hemorrhage. Thus, it is most desirable to develop agents 
that inhibit coagulation without directly inhibiting 
t hrombin . 

The present invention provides YIR peptides, 

10 which are compounds that inhibit factor Xa activity but do 
not substantially inhibit the activity of other proteases 
involved in the blood coagulation pathway. As used herein, 
the term "compound" or "YIR peptide" refers to a non- 
naturally ocrurring Tyr-Ile-Arg (YIR) peptide and analogues 

15 and mi me tics thereof, which can inhibit factor Xa activity. 
The YIR sequence, itself, is referred to herein as the "YIR 
motif" and consists of the tripeptide tyrosine-isoleucine- 
arginine or a functional equivalent thereof such as p>Aph- 
Chg-PalMe (3 ) , pAph-Chg- Pa lMe ( 3 ) -NH and pAph-Chg-AMP ( 4 ) (see 

20 Table 1 for abbreviations} . Such compounds of the 

invention contain at least one YIR motif or a functional 
equivalent thereof and are capable of specifically 
inhibiting the activity of factor Xa . For convenience, the 
terms "compound" and "YIR peptide" are used broadly herein 

25 to refer to the peptides of the invention, including 
functional equivalents such as peptide analogs, peptide 
mimetics and synthetic organic compounds . A function 
equivalent of a YIR peptide of the invention can re 
characterized, in part, ry having a structure as disclosed 

3 0 herein and by having a K_ < ICO uM for inhibiting factor Xa 
activity (see Example XXXVII: . 

Peptide analogs of a YIR peptide of the invention 
include, for example, peptides containing non-natural ly 
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occurring amine acids or :her : : a 11 y ^oa;::e: amino a:: :s, 
cr :v;aea :r.e c crop o u n d re:a:r;5 factor Xa :r.n::;::ry activity 
. s-E-e, fcr example, Table /. . Similarly, peptide minuet its 
ire r. o ri - a m i n c a c i a cher.ical structures that mimic the 
5 structure of a Y I ?. peptide of the invention and retain 
factor Xa inhibitor activity. Such mi me tics are 

characterized generally as exhibiting similar physical 
characteristics such as size, charge or hydrcp-hcbicity that 
is presented in the appropriate spatial orientation as 

10 found in the normal YIF. peptide counterpart . A specific 
example of a peptide mimetic is a compound in which the 
amide bond between one or more of the amino acids is 
rep laced, for example, by a carbon-carbon bond or other 
bond as is well known m the art (see, for example, Sawyer, 

15 in Peptide Based orug Design pp. 387-422 (ACS, Washington 
DC 19 95) , which is incorporated herein by reference) . 
Thus, the invention further provides factor" X a inhibitor y 
c imp c- unds having the structure A 1 - A 2 - ( A 1 ) . - B , where m is 0 
or 1, as disclosed herein (see below). E x amp 1 e s of such 

2 0 p-ep< tides, which can be mimetic compounds, are provided 
herein . 

As used herein, the term "amino* acid" is used in 
its broadest sense to mean the twenty naturally occurring 
amino- acids, which are translated from the genetic code and 

25 comprise the building blocks of proteins, including, unless 
specifically stated otherwise, L-amino acids and D-amino 
acids, as well as chemically modified amino acids such as 
a m i n : acid analogs, naturally-occurring amino acids that 
are not usually m:: rtorated mtc proteins such as 

30 norleucme, and chemically synthesized compounds having 
properties Known in the art to be characteristic of an 
amino acta. For example, analogs or mimetics of 

phenylalanine or prslme, which allow the same 
conformational restriction of the peptide compounds as 
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natural P h e or ?r:, are included w i t h i 
"amino acids" and are known these skilled in the arc. 

Such ar.alcgs and nineties are referred zc herein as 
"funruional equivalents" of an amino acid. Other examples 
5 of amino acids and amino acids analogs are listed by 
Roberts and Vellaccic ( The Peptides: Analysis, Synthesis, 
B i o 1 o g y , Eds. Gross and Meienhofer, Vol. 5, p. 341, 
Academic Press, Inc., N.Y. 1983, which is incorporated 
herein by reference) . Abbreviations of amino acids, amino 
10 acid analogs and mimetic structures are listed in Table 1. 



Table 1 

Abbreviations used in the specification 
Compound Abbreviation #1 Abbreviation #2* 
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Acetyl Ac 

Alanine Ala A 

3- (2-Thiazolyl) -L-alanine Tza 

Ami 'dine AMDN 

2 0 Amidoxime ( C { NH 2 ) =N-0H ) (CNOH.NH ) 

( N-me thylpy r idinium ) 

methyl AMP 

( 4 - ( N-me thylpyridini um ) ) 

methyl AMP ( 4 i 

25 1 - f N-Me thylpy ridi nium ) 

ethy-l-y 1 AEMP 

1- (4- f N-me thy ipyri dini um ; ; 

eth-l-vl AEMP : 4 ) 



A r a i n i n e 
30 Asparagme As 
A s c a r z i c a c i d As 



■.rg 



:.-Bu:yIoxy:a r b :■ n y 1 

B e n z c t r i a z z>l - 1 - y 1 z> x y - 
tris- ; dimethyl amin 



pr.c sph or.ium- 

hexafluo: 



r'i Z.'C 



10 p. - i 2 - ?yr i 
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30 



35 



alanine 



3 - i : - ?yri d y 1 ) -alanine 

^ - ( 4 - P y r i d y 1 ) -alanine 

3 - ( 3 - N - Me t h y 1 p y r i d i n i um ) 
-alanine 

5 r omo - tris-pyrrol i d i n :> - 
pr.osphorii um- 
hexa f iuorophc-spha t e 

:-3ut yl 

t -But yloxy :arbonyl 

laf feic acid 

C a r b ■:■ n y 1 d i i m i d a z o 1 e 

Cysteine 

:■- zh I z-roindole - ": -carboxy 



Cyclone 
Cycle he 
Cycl zhe 



.:yl 

■:y l a 1 anine 
<:y 1 g 1 yc i ne 



, 4 -^i amincbut yric acid 

jab-de r i ve d 

dimethyl ami d i ni um 



.V\'al 

? a 1 ( 2 ) 
Pal { 3) 
Pal (4) 

PalMe ( 3 ] 



PyBroP 
tBu, But 



Caff 
C C 1 
Cys 
C I C A 
Chx 
Cha 
Ch g 
Pah 

Cab (IJ'-C.H N) 



C 



iianiiri:prop.,on.ic acid lap 



'ac-oer i ve>: 



:u:ylcarboxarz:zie „ : 
; r c rz y 1 c a r b o x a m i a e D : 



Cap (IJ'-C.H 

- J - ■ - f - 

T y r ( 3 , 5 - I ! 

^ _ q i 



Y i 3 , 5 -NO. 
Y ( 3, 5-1) 
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t m o 



5 5-Fiuor-)ir:djle-2-carboxy FICA 



25 



30 



■ > i 1 



n ami c acid 



r o r re: y 1 
■jlu t ami n 
■ lut. ami ? 
;-Ca rr 
10 Glycine 

H i s t i d i. n e 
Homoa rgin i.ne 

0 -Hydroxy i ndole- 

2-ca r boxy 

15 I J - H y d r o x ybenzotriazol e 
; -Hyd r ■: xypro line 
I m i no aiacet i : acid 
j-amir.oindole-2-carboxy 
j-nitrc-indole-2-carb o x y 

2 0 OL-Iridol i r.e-2-carboxy 
Isob—yi 

1 sole u cine 

I son i co t i r: i c acid 



Gla 
Gly 
His 
hArg 

5 -Hie 
HOBt 
Hyp 
Ida 

5NOINDC 
2 INC A 
i.3u 
He 
I sn 



:]-Meohy 1 - i snicotini c acid IsnMe 



Isonipe:otic acid 
I sop r opanc 1 
1 -I soqumol inecarboxy 
3—1 soquinol inecarboxy 
Leuci ne 



Her cap zc-i , 
cy elope: 



35 Merc 



ictcace::: a: 



Ina 
l PrOH 
1 - 1 qc 

3-IqC 

Leu 
Toe 

Lys 

m p p 

Mc a 



H 

hR 
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Mer raptopropi :;nic acici Mpr 

Methane 1 Me OH 

Met h iDnir.e Me t M 
4 -Morphol inocarbonylamide M DRA 

5 !]-methylmorpholine IJMM 

1 - N a p r. t h y I a I a r. i n e ! J s 1 ( 1 ) 

2 - N a p h t h y 1 a 1 a n i n e N a I ( 2 1 
nicotinic acid Ilic 
Nipecotic acid Up a 

10 N-methyl nicotinic acid NicMe 

N o r a r g l n i n e ri A r g n R 

Nor leuc i ne Nle nL 

Morvaline Nva nV 

Ornithine Orn 

15 Ornithine -de rived 

dime thy lamidinium Orn (N ! -C-,H-N) 

Phenyl Ph 

Phenylalanine P h e F 

p-Guani di nophenylalanine ?he (Gua) F ( pGua ) 

20 p-Ami nophenylalanine Phe (NH .) F(pNH-) 

p--Chlorophenylalanine Phe (Ci ) F (pCl ) 

p-Flurophenyialanine Phe ( F) F (pF) 

p-Nit rophenylalanine Phe (NO ) F (pNO^ ) 

p-Hydroxyphenylglycine Pgi (OH) 

25 p-Tol uenesu 1 fonyl Tos 

2,1,5,1,8- Pent ame thy 1 - 

ch r oman- 6 -sul fonyl Pmc 

m-Ami di nophenylalanine mAph 

p -Ami d i nophenylalanine p>Ap h 

3 0 F'henylolycine P g 1 

Pheny Ima 1 oni c acid ?ma 

P iper idinyl PIP 

i-riperidinocarbonyl 

amide PI PA 

35 L-Pipec clonic acid Pic 

Proline Pre P 



:arcoxv 
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4 - Q u i n o 1 i n e c a r b o x y 

Sar:csine 

S-:er t- butyl 

SZAL linker attached t; 
"TENTAGEL" 



9 



i re 



Te t rahydr : i s :>qu inul me- 
10 3- :arb e x y 1 

Threonine 

Tim fluoresce tyl 

Tryptophar; 

Tyros i ne 

15 3 -iodot yr osirie 

0- Methyl t yrosine 

Valine 



Sar 
S3ut 

SCAL-TG 
Se r 

T i c 
Thr 
Tf a 
Tr P 

Tyr (3-1 

Ty r ( Me ) 
Vai 



i 

V (3-1) 

Y (Me) 



* Amir,'^ acids of D configuration are denoted either by 
20 E 1 - prefix using three-letter code (eg., D-Ala, 

E'-Cys, E'-Asp, D-Trp) or with lower case letters 
using the one-letter code (a, c, d, w, 
respectively) . 



25 As used herein, the term "factor Xa activity" 

refers to the ability of factor X a , by itself c r in the 
assembly :>f subunits known as the p rot h r ombina se complex, 
to catalyze the conversion of prothrombin to thrombin. 
When usee in reference to factor Xa activity, the term 

30 "inhibition" includes both the direct and the indirect 
inhibition of factor Xa activity. Direct inhibition of 
factor Xa activity can be accomplished, for example, by tne 
binding of a Y I R peptide of the invention to; factor X a o r 
to crc thrombi nase so as to jor event the bmdina of 
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; e cr c :nr omc ::iaS e 



:ec 



v e s . 
ran 



a c c omp lisneo, for e x a rr.p I e , by tr.e binding of a c omp: ound o 
the invent! en to soluble faotor Xa so as to prevent it: 
assembly onto the prot hrombmase complex. 



As used herein, the term "specific" when used m 
reference to the inhibition of factor Xa activity means 
that a YIF peptide can inhibit factor Xa activity without 
substantially inhibiting the activity of other specified 
10 proteases, including plasmm and thrombin (using the same 
concentration of the inhibitor) . Such proteases are 
involved in the blood coagulation and^.f ibrinolysis cascade 
(see Table 2; see, also, Example ^VV^) . 
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Table 2 



Inhibitory activities of selected compounds 
against five enzymes 

Ki (uM) 



Compound 



Xa 



20 Ac-Y-I -R-L-A- 1.5 
A-F-T r / / - V 

Ac-Y-I -P-L-P " 0 .'5' 



Thrombin PI asmin Trypsin Elastase 
100 NT >200~ >100 

>2 0 0 >200 >200 >100 



25 



y-I-R-L-P 

Ac- (iBu) Y-I- 
R-L-P, - ' ' ' 

"TEN STOP " 



0 . 0 4 



> J U U 



>2 0 0 



NT 



■ 1 1 J 0 



>2 0 1. 



30 



Indicates that there was no sianif leant inhibition 



c: enzyme a; 



:a t ec 



mest concentration or 



t e s t e a . 
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The results in Table 2 demonstrate that the Y I R 
oeptides of the 1 n v e n 1 1 o n a r e useful as inhibit "r s if 
factor X a but a o not substantially inhibit t h e activity if 
itner serine proteases such as thrombin or plasmin, whi :h 
5 are i n v olved in the process if bleed coagulation a n d 
fibrinolysis . 

As used herein, the term 11 subs 1 1 1 uen t 11 refers ti 
any if various chemical groups tnat is subs: ltuted onto the 
peptide backbone or side chain of a peptide, peptide 

10 analogue, mimetic cr organic compound disclosed herein. A 
substituent can include any of a variety of different 
moieties known to those skilled in the art (see, for 
example, Giannis and Kolter, Angew . Chem. Int. Ed. Engl. 
32:1244-12c7 (1993), which is incorporated herein by 

15 reference) . Numerous examples demonstrating the 

substitution of a substituent are disclosed herein 
including, for example, substitution of a pNH- substituent 
onto phenylalanine to obtain F(pNH-) and the substitution of 
a halogen onto a tyrosine to obtain, for example Y(3-I) or 

20 Y(3,t-i; . In addition, a substituent can be, for example, 
a heteroatom such as nitrogen (N; see, for example, Pal), 
oxygen (0; see, for example, 0-methyl tyrosine ) or sulfur 
(S; see, f:r example, Tyr^SO.H)), which can be substituted 
with a substituent. Thus, an N-, S- or 0- containing moiety 

25 such as -SO, H is considered a "substituent" as defined 
herein. Furthermore, a substituent can be an amino- 
protecting group or carboxy-prc tec t i ng group. 

As used herein, tne term "aikyl" is used in the 
broadest sense to mean saturated or unsaturated, linear, 
30 branched or cyclic chains of about 1 to 13 carbon atoms. 
Thus, the term "aikyl" includes, for example, methyl, 
ethyl, n-propyi, iscprcpyl, sec-butyl, 1 -me t hy 1 bu t y 1 , 
2, 2-di methyl butyl, 2 -me t hylpen t yi , 2 , 2 -aimethyip rcpyi , 




well as combinations or linear or branched chains and 



:ycli: chains of carb:n atoms such as a met hyl-cyciohexy 1 
5 or cyclopropyl-methylene group. In addition, it should be 
recognized that an alkyl as defined herein can be 
substituted with a subs t i tuent . Similarly, the term "acyl" 
is used in its broadest sense to mean saturated -or 
u n s a z .rat e d , 1 1 n ear, o ranched c r cyciic chains of about 1 
10 to 13 carbon atoms, which contain a carbcxyl group. Thus, 
the term "acyl" encompasses, for example, groups such as 
formyl, acetyl, benzoyl and the like. 



The term "aryl" refers to aromatic groups 
containing about 5 to 13 carbon atoms and at least one 

15 "ring" group having a conjugated pi electron system. 
Examples of aryis include, for example, heterocyclic aryl 
groups, biaryl groups, and analogues and derivatives 
thereof, all of which optionally can be substituted with 
one or more subs t i tuent s . The term "arylalkyl" refers to 

20 an alkyl as defined above substituted with an aryl group. 
Suitable arylalkyl groups include benzyl, picolyl and the 
like, all of which optionally can be substituted. 

The terms " he t e r oa 1 ky 1 , " "heteroarylalkyl" and 
"heteroaryl" also are used herein and refer to an alkyl, an 

25 arylalkyl and an aryl, respectively, that is substituted 
with cne or more heteroatcms such as a N, O or S atom. In 
addition, the term "heterocyclic" is used in reference to 
a cyclic; alkyl or an aryl group that is substituted with 
one or more h e t e r o a t om s . N ume r o us ex a mp 1 e s of 

3 0 neteroaikyls, heteroarylalkyls, heteroaryls and 

heterocyclics are disclosed, for exa mp I e , in Tables 1 and 
3 , o r are otherwise k n c w n in the art. 



IS 

The peptides of the invention can be modified at 
the N- terminus or tne Z- terminus using an ammo -pro letting 
gr:up or ca rboxy-p r o t e c t i ng group, respectively. Numerous 
s u r h modifications are disclosed herein (see, for e x amp 1 e , 
5 Table 2 ) . The N- terminus of a peptide or peptide analog 
can be chemically modified such that the N-terminus amino 
group is substituted, for example, by an acetyl, 
oyclopent yl car boxy , isoquinolylcarboxy , f uroyl , tosyl , 
pyraoinecarboxy or other such group, whioh can be 

10 substituted by a substituent as described above. The 
M-terminal amino group also can be substituted, for 
example, with a reverse amide bond. It should be 

recognized that the term "amino group" is used broadly 
herein to refer to any free ammo group, including a 

15 primary, secondary or tertiary ammo group, present in a 
peptide. In comparison, the term "N- terminus " refers to 
the ' v - ami no group of the first amino acid present in a 
peptide written in the conventional manner. 

The N-terminus of a peptide of the invention can 
20 be protected by linking thereto an ami no-pro tect ing group. 
The term "ami no-protecting group" is used broadly herein to 
refer to a chemical group that can react with a free amino 
group, including, feu example, the a-amino group present at 
the N-terminus of a peptide of the invention. By virtue of 
25 reacting therewith, an amino-protect i n g group protects the 
otherwise reactive ammo group- against undesirable 
reactions as can occur, for example, during a synthetic 
procedure or due to exopeptidase activity on a final 
compcund. Modification of an amine- group also can provide 
30 additional advantages, including, fcr example, increasing 
the solubility or the activity o f the corrp ounl V arious 
amino-prctecting groups are disclosed herein (see Table 3; 
cr otherwise known in the art and include, for example, 
acyl groups such as an acetyl, ticoloyi, tert-butyl acetyl , 



carccr.yl, benzoyl groups, 
xi roe such as a 2-aryl-I-O- 
a s well as an a ro i n o a c y 1 
resiaue, wn::r. use. : can d e mo d i f i e d b y an amine- 
5 protecting grcup . Other a mi no -pro te r ting groups are 

described, for example, in The Pepti des , eds . Gross and 
Meienhofer, V: 1 . 3 (Acaaemic Press, Inc., N . Y . 1981); and 
b y Greene and W u t s , in Protective Groups in Organ: : 
5 y n t ne sis 2 d e d . , pages 3 0 9-405 ( John Wiley & Sons, N e w 
10 York (1991), eacn of which is incorporated herein by 
reference. The product of any such modification of the 
N-terminus amino group- of a peptide or p^ep»tide analog of 
the invention is referred to herein as an "N-terminal 
derivative . n 




15 Similarly, a carboxy group such as the carboxy 

g ro jp present at the C-terminus of a peptide can be 
chemically modified using a carboxy-p-rotectmg group. The 
terms "carboxy group" and "C-terminus" are used in a manner 
consistent with the terms "amino group" and "N-terminus" as 

2 0 defined above. A carboxy group such as that present at the 

■"-terminus of a peptide can be modifiea by reduction of the 
C-terminus carboxy group- to an alcohol or aldehyde or by 
formation of an oral ester or by substitution of the 
carboxy group- with a substituent such as a thiazolyi, 
25 cyclohexyi or other group. Oral esters are well known in 
the art and include, for example, alkoxymethyl groups such 
as me t hoxyme thyl , et he xymet hyl , iso-propc xymethyl and the 
like; the a-'C to COalkcxyethyi groups su on as 
methoxyethyl , ethoxyethyl , pr opoxyechyl , isopropoxyethyi 

3 0 ana the like; the 2 -oxo- 1 , 3- aioxc ien- 4 -ylroetnyl groups such 

as 5-methyl-2-oxo-l , ]-dioxoi en -4 -ylmethyi , 5 -phenyl - / -exo- 
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a c y I c- x y me t h y 1 groups such as p i vs 1 o y I o x y me t h y 1 , 

a - a c e t o x y me t h y I an: the like; the eth:ixy:arbjnyl-l-met h y 1 
group; the a-acy !■: xy-a-subs t i tuted methyl groups such as 
a- a re toxye t hy 1 , the o-phthalidyi or 5 , 6 - ci ime t hy Iph t ha 1 i dy 1 
5 groups, trie 1-;C_ t: Z a 1 ky loxyca rbcny 1 oxy ) e t h- 1 - y 1 groups 
such as the 1 -( ethcoiy car bony 1 c xy ) et h- 1 - yi group-; and the 
1-(C to C- alkylamincoarbonyloxy) eth-l-yl group such as the 
1 - ; methyl ami noca rb ony 1 c xy } e t. h - 1 - yl arc up . 

A p-eptide of the invention can be modified by 
10 linking thereto a carbo xy-pr otecti ng grout'. Carboxy- 
p>ro tec ting groups are well known in the art and, by virtue 
of being bound to a peptide, protect a carboxy group 
against undesirable reactions (see, for example, Greene and 
Wuts, supra, pages 224-2^6 (1991), which is incorporated 
15 herein by reference) . The skilled artisan would recognize 
that such modifications as described above, which can be 
effected upon the U- terminus amino group or C- terminus 
carboxy group of a peptide, similarly can be effected upc>n 
any reactive airi no group or carboxy group present, for 

2 0 example, on a side chain of an amino acid or amino acid 

analog m a peptide of the invention. Methods for 
performing such modifications are disclosed herein or 
otherwise k n own in the art. 

The present invention provides cc-mpourids that 
25 specifically inhibit factor Xa activity. A compound of the 
invention has the general structure X-YIR-X or a 
functional equivalent thereof, wherein X - is an H , acyl, 
a 1 k y 1 , aryialkyi, or one or more amino acids, and X is a 
mo d i f i e d I-terminai g r o u p> , o n e o r m : r e cari: c x y - p r o t e c t i n g 

3 0 groups, or one or more amino acids cr other subst ituent 

such as an ami no-pro tec ting group. A compound of tne 
invention is useful as an anticoagulant for t h e r a c e u t i z 
treatment of a variety of clinical conditions. A compound 
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- L s_ ^_ tr , 



. c c: r < 



;sef ui in a variety of laboratory 
clottinq of bl : i o sauries. 



The invention a 1 s :■ provides a c omp o u n d that 
specifically inhibits the activity of fact ur Xa , having the 
5 general formula A1-A2- A3).. -3, wherein m is 0 or 1. and Al is 
R - R - R . , A2 is R ; - ?. - F . and A3 is R -R.-H .; wherein R - is 
selected from the group consisting of 1 to 2C amino acids; 




; >' is selected f r om 



tne group consisting of N, CH and NC(O), and R' : and R" : 

10 independently are selected from the group consisting of H, 
alkyl, acyi, aryl, arylalkyl and an amino-protecting group 
and wherein R : can be substituted by a substituent; P : is 
- 3 F. . , R - - , w n e r e i n R _ and R - independently are selected 
from the group consisting of an H; aikyi, arylalkyl, 

15 heteroarylalkyl and heteroaryl, and wherein R_ and R : - 
independently can be substituted with a substituent; P.- is 
selected from the group consisting of -C(0)-, -CH-, 
-CHF..-C (0) - ana -C ( 0 ; -MR, -CH : -C ( 0 ) - , whereon F : .= is the CHR.= 
group of the bridging group -CfO)-CF; ; -; R. ; is selected from 

2 0 the group ronsistmq of - '3 H - and - N F - - , wherein F , - is 
selected from the group consisting of H, alkyl, arylalkyl 
an: heterocyclic; R : is >CF R , wherein R - ana Fc ^ 
independently are selected from the group- consisting of H, 
alkyl, aryl and arylalkyl, and wherein R and F: 

2 5 inae pen dent 1 y can he substituted with a substituent; F. r is 
selected from the grcup consisting of - 3 i j ; - , -CH - and 
-CHR . . -C i G ; - ; R ;s selected from the group consisting of 
-3H - ana - ! R - , wherein R ■ is H, alkyl, arylalkyl, 
heteroaikyi and heteroarylalkyl, and any of these moieties 

30 substituted by a suiostituent selectee from the group 



consisting of C ar;ci - ' C H ': . - Q , wherein n is 1 to 5 and 
w n e r e i n C i s selected f r err. the group consisting of an 
amino, amidinc>, imidazole and guanidinc group, which can be 
substituted with a substituent, and a mono-, di-, tri- or 
5 tetra-alkyi ammo- n l um of a p h a r ma c e u t i c a 1 1 y acceptable salt, 
isoureide or l so t hi our eide thereof; P.. is -CP. - R_ wherein 
R : and F. ■■ independently are selected from the group 
consisting of H, alkyl, alkylaryl and heterocyclic, and any 
of these moieties substituted by a substituent selected 

10 from the group consisting of Q and - ( C H ) . - -2 , wherein n is 
1 to 5 and wherein Q is selected from the group consisting 
of an amino, amidino, imidazole and guanidi.no group, which 
can be substituted with a substituent, and a mono-, di-, 
tri- or tet ra-al kyi ammonium of a pharmaceutical 1 y 

15 acceptable salt, isoureide or i sothiou re ide thereof; R. is 
selected from the group consisting of -C(0)-, -CH : - and 
- T H R . . - C i 0 ; - ; and wherein, when m is 1, B is selected from 
the group consisting of 1 to 20 amino acids, -NHR, :I , -NR, -R, : , 
-OR- and -CHR C -R,-, wherein R._ is selected from the group 

20 consisting of H, alkyl, arylalkyl, he ter oarylal kyl and 
heteroaryl; wherein R, and R 6: independently are selected 
from the group consisting of H, alkyl, arylalkyl, aryl, 
hetero arylalkyl and heteroaryl; and wherein R~ is selected 
from the group consisting of H, acyl, alkyl, arylalkyl and 

25 he t e roar ylal kyl , and wherein when m is D, B is selected 
from the group consisting of 1 to 20 amino acids, -OR- , 
-NHR. and -NR, R, .■ ■ , whicn is joined to R. by an amide bond or 
an ester bend; wherein B can be substituted with a 
substituent, provided that when R. is -CH - or -CHR . ( 0 ; - , 

3 0 R.. is KR: ; when R : is -CH -, R. is -C(O)- or -CHF . ,-C ( O ) - ; 
when R ; is -CH -, R. is -C(0)- or -CHR . ( 0 ) - ; when R t is 
-CH -, R is -NHR -; when R is CH , R. is -C'0 ; - or 




are t d K G T. d 6 t. T 4:1 T ^ p I ^ r n a C r 1 U CI 1 n CJ O IT C U O 

having the formula : -2 .2 -CHR -, wherein CHR represents R 
an?. :ne earbonyl grcup represents R' , ana ana F., 

i n i e p e n a e n 1 1 y are H , 2 to C , a 1 k y I or a r y 1 a I k y 1 ; and w h e n 
5 F. . is -C (0: -NF.. -CH -C :c; -, then R. is -NR. -, R- is 



1 , R . : and R ' ■ are taken toqether to form a 

R 



bridging group having the formula -C (0) CHR.:-, wherein C(0) 
represents R' : and CHR ; represents R,,; P" : and Ft, 
independently are H or a C to 2 t - alkyl (see, for example, 
10 Figure 2 ) . 

A compound of the invention can contain a cyclic 
N- terminus formed by Ft, R- , R. and, if desired, R, . Such a 
compound is defined, for example, by the structure A1-A2- 
(A?). T -B, as described above, wherein R. is -NR.--, R- is 



1 5 1 , Ft and F: ' are taken toqether to form a 



R' 



bridging group of the formula -C(0)-CHR : ,, wherein R, : is H; 
F is H or methyl; P.-.. and R independently are selected 
from the group consisting of H, arylalkyl, alkyl and 
heteroalkyl or 1 to 3 carbon atoms, and wherein R_ and R : - 

20 can he further linked to a moiety selected from the group 
c insisting of phenyl, thienyl, thiazclyl, pyriayi , 
napnthyl, thicnaphthyl , indclyi or saturated alkyl, alkoxy, 
m i n o a 1 k y 1 a m i n o , d i a 1 k y 1 a m i n o , tetraalkyia mm o n i um , 

a rylai kyl amine , ami nca 1 kyi a r y 1 , car boxy , halo, hydroxy, 

25 amine, amido, amidmo, guanii^no, triazolyi and sulfonyi, 
and R. is selected from the group consisting of -C(0}- and 




subs tituenrs, including, for example, an alkyl, and 
optionally linked by a group such as -OCH-, -SCH >N-CH : -, 
5 >KZ\J)-, -CO- or -NY-CO-NZ, where Y an: Z can be H, alkyl, 
a r y 1 ~ 1 k y 1 or h e t e r o a r a k y 1 . Moreover, F _ and F - 

1 n i e p e n d e n 1 1 y can be substituted by a substituent such as 
a phenyl, thienyl, thiazciyl, cyridyl, naphthyi, 
thionapnthyl cr mdolyi group, or a saturated group 

10 corresponding thereto, optionally substituted by up to five 
groups selectee f r om alkyl, alkoxy, mono-, di- or tri- 
al ky lami ne , t e t r a 1 k y 1 =i mm o n i u m , arylalkylamin o , 
ami no a 1 kyl a ryl , car boxy, halogens, hydroxy, amino, amide, 
amidino, guanidino, triazoiyl or sulfonyl. A preferred 

15 compound with substitutions at the R- position is where F : -~ 
is an H and F;_ is either 




where W in the substituted compound can be, for example, a 

halogen, hydroxy!, amine- or amidino group, and J can be, 

fcr example, an C, 3 or -NF , where R is an H or an alkyl, 
2 0 aryl or a r y 1 a 1 k y 1 . 



A c omp o u n d of t h e i n vertion, which contains a 
suh'Stituent substituted on the A 2 moiety and exnibits 

:r example, the 

*~ ^: r~ O Vl J 



factor Xa inhibitory activity, can have, 
substitution of Fo , R or F with one o 
2 5 substituents such as an N , 0 or 5 . 

substituted w 1 1 n a s u b s 1 1 1 u e n t selected o 




Where X is a C, N or S; R is absent, H or alkyl, whi:h can 
be substituted with a her erca torn, and n is 1 to 5. 

A compound of the invention, whicn contains a 
5 substituent substituted on the A3 moiety and exhibits 
fart or Xa inhibitory activity, can include, for example, 
the substitution of P ; ■ with one or more substituents such 
as an H, alkyl, arylalkyl or heterocyclic, optionally 
substituted with a heteroatorr. such as an N, 0 or S . R ;: and 

10 R - ■ can be, for e x amp 1 e , the s u b s t i t u e n t - ( C H ) Q , w here n 
is about 1 to 5 and where is an ammo, amidmo, urea, 
imidazole, guanidino, mono-, di-, tri- or tetra-alkyl 
imminium of a pharmaceutical ly acceptable salt, isoureide 
or isothioureide. Alternatively, R : - or R :: - can be, for 

15 example, an alkyl, aryl or alkylaryl. These groups can be 
further substituted with a substituent such as a hydroxy or 
•2 to C ; alkoxy group. 

A compound of the invention can contain an 
alternative arrangement of substituents comprising the B 
20 moiety. Such an alternative arrangement of substituents 
can include, for example, the substitution of R- by an K, 
0 or S or the substitution of R , , R . or R by one or more 
h e t e r o a t om s or alkyl groups . 

The general structures disclosed herein represent 
2 5 the various compounds of the invention, which retain factor 
Xa inhibitory activity such as i mr arted by the tripeptide, 



~ e o r 0 s e n t 0 u 



w 1 ' 



t ne 



disclosed 



amino acids, arcnc acid Titties and ether organic 
structures and s u i: s 1 1 1 u e n t s exhibiting similar function. 
5 Such functional equivalents provide the appropriate spatial 



groupings of the desired charges and forces that 



:oni 



Specific examples :f the c omp c unds o f the 
i n vent ion include, for example , Ac-Ty r- 1 le-Arg - Leu -Ala -NH ;: ; 

10 Ac-Tyr-Ile-Arg-Leu- Pro-NH ,* Ac- { 1 Bu ) Ty r- 1 1 e-Ar g- Leu- P r o-NH ; 
Ac-Tyr-Ile-Arg-N (CH. ' 0 { CH . ) ; Ac-Tyr- { M f (CH : NH) } - I le-Arg -Leu - 
Pro-NH : ; Ac-Tyr- I le-A rg-NH -CH (4-Pyndyl) ; Ac-Tyr-ile- 
( CH NH) } -Arg-Leu-Pro-!JH : ; Ac-Tyr-Chg-Ar g ( NO ) - { ^ ( CH - NH ) } - 
Leu-NH_; Ac-T y r - 1 1 e-Ar g - { ^ (COCH- ) > -Gly-Pro-NH ; Ac-Tyr- Tie - 

15 cab (Ih-C.H-N ) -Leu-Ala-NH ; Ac-Tyr-Iie-PalMe ' 3 ) - N H ; Tyr-Ile- 
Arg-NH-; D-Tyr-Iie -Arg-Leu-Pro-^.'H , Ac- (Bzi ) Giy- (Chx) Gly- ( 3- 
guani dop>rop y 1 ) Gi y-:JH- ; Cy c 1 o ( Gl y-Ty r - 1 1 e - Ar g-Gl y ) ; T f a - 
( iBu ) Tyr-Chg-Arg-Leu-Pr o-NH ; Ac-pAph-Chg- Arg-Leu- Pr o-NH . ; 
ana Ac-Na 1 ( 2 ; -Chg-Arg- Leu-Pro-NH . Additional YIR peptides 

20 of the invention are shown, for example, in Tables 3 and 5. 



The present invention also provides a compound 
Having the structure A 1 - AC - ( A 3 ) „ - B , wherein R - is 



R' 



R 



, R'- is selected from the group* consisting 



25 



-CO-F;,, 
acids, 



wn 1 j : . 



s a 1 : 



an arm ^-protecting group-, 1 to o 
can be substitutes, wherein the 
o 6 amine acids is substituted with 



s e i e ctea 



t-r: , - S J - R and an amine 
is selected frcrr. the arc; 



:e group consisting of H, 
tectmg group; and wherein 
csistmc c f alkvl, arv: and 
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h e c e r c a 1 k y 1 ; ? " is selected f r om the group consisting of H , 
a:yl and alkyl; X is N; F is -3HR_-, wherein R is 
selected from the group) consist! n g c f a .1 k y 1 , a r y 1 , 
arylaikyl, heteroalkyl and heteroaryl, whim can be 
5 substituted with a substituent selected from the group 
consisting of 1 to 6 flucro, chloro, bromo, iodo, amine-, 
n:tr:>, amidino, amido, carboxy, ester, ether and hydroxy 
groups; R is -C(0)-; R. ; is -NH-; F- is -CHR : -, wherein R : 
is an alkyl; ?. is -C(0)-; R - is -NH-; P.. is -CHR :: -, wherein 

10 R : is a heteroalkyl having at least one formal positive 
charge, wherein the heteroatom is 1 to 6 nitrogen atoms; Fo 
is -3(0)-; and 3 is selected from the group consisting of 
-OR. and -N-F-R,, wherein R : is selected from the grout* 
consisting of H, alkyl and a carboxy -pro tec ting group, R, is 

15 selected from the group consisting of H and alkyl, and R : , is 
selected from the group consisting of alkyl, heteroalkyl 
and 1 to 20 amino acids, which can be substituted with a 
substituent, wherein the 3- terminus of said compound can be 
moidified with a ca rboxy-p r otect mg -group, a primary amide 

2 0 group o»r part of a cyclic peptide as the secondary or 
tertiary amide group formeo with amino group of R : . Such a 
oompound can contain one or more amino-protecting groups 



For example, a compound of the invention have Al 
selected from the group consisting of Tyr, FfpNH ), mAph, 

25 pAph and N a 1 ( 2 ) , which contain 0 or 1 amino-protecting 
groups; A2 selected from the group consisting of lie ana 
Chg; A3 selected from the group consisting of Arg, 
PalMeci: , Cab i :J ■ -C .H K ; , ap ( TJ -C .H-N ) and Orn ( IV -3 H- M ) ; and 
B selected from the group consisting of -H, -OH, -KH , one 

30 to five amino acids or functional equivalents thereof ano 
a carfco'xy-prctecting grout- Examples of such compounds 
mc 1 ude Ac -pAph-Cng - ?a ] Me ( 3 ; -NH- 3H -Chx ; Ac-t»Aph-Chg- 
PalMe ' 2 ; -!-;H-Chx; 5 z f - p: Ap: n - 2hg - ? a IMe : 3 . -NH ; Ac-pAph-Ch c - 



c ^ p n - 
Tacle 



-NH ; and 



Ni H ; 3-Iqc-pAph-Chg-PaIMe ( 3 ') - NH ; 

ilMe 3 ':■ - NH ; 5-Me-thienyl-CO-pAph-Chg- 
Ac-pAph- 2hg-PalMe ( 3 ) -ol (see, also, 



o ; 



10 



The invention further provides a compound having 
the structure A1-A2-B, i.e., Al -A2 - ( A3 ) .. -B , wherein m is 0. 
In such a compound, B can be a heterc-arylalkyl such as (4- 

(N -methyl pyri iinium! ) methyl ; 2 - ( 3 - ( K-me t hylpy ridmium) ) 
eth-l-yl; l-(4-{N-methylpyridinium) ) eth-l-yl; 

( p-amidino ) benzyl; 2- i A- { N-met hylpy r i di nium ) ) pr op -2 -yl ; and 
2- ( 4- (N-methylpyridmium; ) eth-l-yl. Ac-pAph-Chg-AMP ( 4 ) and 
Ac-pAph-Chg-AEMP ( 4 ) are examples of such compounds. 



The invention further provides a non-naturally 
■occurring compound that specifically inhibits the activity 
15 of factor Xa, having the general formula Al - A2 - ( A3 ) m -B , 
wherein m is 0 or 1; 

wherein Al is R 1 -R : -R 3 ; A2 is R 4 -R 5 -R 6 ; 
A3 is R 7 -R 6 -R 9 ; 

wherein R : is selected from the group consisting 

2 0 of: 

i) 1 to 20 ammo acids; 



i i 



R' 



O 



C 



and 



hi 



> 



X 



25 consisting 



,k ana 



is selected rrcm the group 
1 = 0 , and 




5elec:ea fr cm ihe group consisting of -H, a iky I, acyl, 
aryl, arylaikyl, an arro no-p r ot ecti ng group an i 1-20 ammo 
a:i^s, and 

5 wherein P. - can be substituted by a 

sabstitu e n t ; 

F. ~ is -CR^. F. : - r - , wherein F „ c and : cc 

independently are selected from the group consisting of an 
- H , a 1 k y 1 , arylaikyl, h e t e r o a r y 1 a 1 k y 1 and heteroaryl, and 
10 wherein F. : , Q and ? : - 0 independently can be substituted with a 
suostituent ; 

R 3 is selected from the group) consisting of 
-C(0)-, -CH : -, -CHR 99 -C-;0 - and -C (0) -NR ?5 -CH :: -C (CO -, wherein 
F'. 3i , is the CHR 55 group of the bridging group -C(0)-CR 5o -; 
15 P.. is selected f rem the group consisting of -CH r - 

and -IJR:. 0 -, wherein R 5 - ; is selected from the group consisting 
c f H , a 1 k y 1 , aryialkvc and heterocyclic ; 

F . is - C R - r - R 2 -: ~ ' wherein P ? c i and Pico 
independently are selected from the group consisting of H, 

2 0 alkyl, aryl and arylalkyl, and wherein P-oi snd R-. 

independently can be substituted with a subscituent; 

P 6 is selected from the group consisting of 
-C(O)-, -CH :] - and -CHF 9 ,-C ( O ) - ; 

F-7 is selected from the group consisting of -CH : - 
25 and -NFt : -, wherein R: : is H, alkyl, aryialkyl, heteroalkyl 
and heteroarylalkyl, and any o- f these moieties substituted 
by a sufcstituent selected from the group: consisting of ^ 
and - ( CH-. j r -Q, wherein n is 1 to 5 and wherein Q is selectee 
from, the group :ons:s::r:g of an ammo, ami iir.o, imidazole 
30 and guamdmo group, which can be substituted with a 
suostituent, and a mono-, di- f tri- or tet r a-ai. kylartmmium 
of a pharmaceutically acceptable salt, isoureide o r 
i s o t n i o u r e i d e t h e r e o f 

R_ is -'Z'R F,^ - - - , wnerein R and R- - - 

3 5 independently are selected from the group consisting of H, 



3 0 



:e:e:ocvc.:c, ana any or :nese 



moieties substitute a by a substituent selected from the 
group consisting of Q snd - 'CH- .-2/ wherein n is 1 to 5 ind 
wnerem Q is selected from the group consisting of amir.o, 
5 amidino, imidazole and guanidmo group, which can be 
substituted with a suostituent, and a mono-, di-, tri- c-r 
t e t r a- al ky 1 ammonium of a pha rnaceut i ca 1 1 y acceptable salt, 
isoureide or i sot hi our eide thereof; 

F. : , is selected f rem the group consisting of 
10 -2(0)-, -CH : - and -CHF ^- 2 ■ 0 ■ - ; and 

wherein, when mi is 1, B is selected from the 
group consisting of 1 tc 2C amino acids, -NHR 52 , -NR 60 R ei , 
-0R- C and -CHF c0 R 6: , 

wherein R b2 is selected f r om the group 
15 consisting of H, alkyl, arylalkyl, he ter oa r y 1 a 1 ky 1 and 
heteroaryl ; 

wherein R r r- and R- independently are selected 

from the group consisting of H, alkyl, arylalkyl, aryl, 

heteroarylal kyl and heteroaryl , and 
20 wherein R- : is selected from the group 

consisting of H, acyl, alkyl, arylalkyl and 

hetero- arylalkyl, 

and wherein when m is 0, 3 is selected from 

the group- consisting of 1 to 20 amine- acids, -OR 70 , -NHR 52 
25 and -NR 6C F. 61 , which is joined to Fv by an amide bond or an 

ester bond; 

wherein B can be substituted with a substituent, 
provided that 

when R, is -CH : - or -CHF ^-C ! C ; - , R- is NR; ■ ; 
3 0 when R is - C H - - , is -C ' J; - or 

when R- is CH : , R r is -' 

-CHR : .:.-C '0; -; 




R^- and R' : are taken together to form a bridging 
group having the formula: -C ( 0 ; -CHR^- , 

wherein CHF,. e . represents R: ;: - : and the carbonyl group 
5 represents R 1 ■ , and R" : and R 5 independently are H, C : to C c 
aikyi or arylalkyl; and wnen F 3 is -C ( C 1 ) -NR^-CH^-C ( 0 ) - , then 



R, is -NR--, R. is 1 , Rqc and R 1 - are taken 



together to form a bridging group having the formula 
-C (0) CHR 55 - , 

10 wherein C(O) represents R f : and CHR 5S represents 

R 35 ; R" : and R bz independently are H or a C : to C e alkyl; 
further wherein the above compound is not one of the 
following compounds: 

a) RYIRF-NH : ; 
15 GIIFFR: - MH : ; ' 

KNEFIRF-NH :y ; - ' ' ' ' T 



F H E Y L R F - 1 J H y, 
o DF'K FhR F-NH 
FMRF-NH^; - L 

2 0 FLRF-NH^; 

YMF.F-IIH :/ - ^ 
YLF F-NH-i/' 
P^DPFLRF-IJH- 
Z Pr ; FLF F-NH : . ( ; 

25 i:ir : FLRF-i:H^ 



t - . 



32 



ALAGPHr r Rr -NH j; 



10 



15 



20 



25 



30 



p^CVVHSFLRF-Nrw 

3 1RN FLRF-NH^; 

TN RN FLRF-NH-.,; ^ f /V ' 

7 

b) H-D-Phe-Phe-Arg-NH-heptyl ; 
H-O-Phe-Phe-Arg-IIH-lauryl ; 
H-D-Phe-Phe-Arg-IJH-OH; 
H-E'-Phe- Phe-Ar g-!JH - i sopropy 1 ; 
H-E>-Phe-Phe-Arg-:iH : ; 

c ) H-Phe-Vai-Arg-OMe; 
H-D-Phe-Val-Arg-H; 

d) (Npys) -Cys-Vai-Asn-Ty r- 1 le-Arg-Lys-Arg-Ser- 
L^u-Gln-Thr-Val-OH; T >. f f \\ . / 

( Cys ) -Val-Asn-Tyr-Ile-Arg-Lys-Arg-Ser-Leu- 
Gln-Thr-Val-OH; ' : ' \ >' \.' <' 

e) Asn-Arg-Vai-Tyr-Ala-His-Pro-Phe^ ' ' ' 
Asn-Arg-Va L -Ty r-Abu -H i s - Pr o- Phe„ 
Asn-Arg-Val-Tyr-Nle-Hi s-Pro-Phe^ 
Asn-Arg-Val-Tyr-alle-His-Pro-Phe; — > / / -*- 
Asn-Arg-Val-Tyr-Aev-His-Pro-Phe; - '- v ■ ' *' ■ 
Asn-Arg-Val-Tyr-Cpg-His-Pro-Phe; Vi ' - / 'A'> ' 
Asn-Arg-Val-Tyr-Chg-His-Pro-Phe/; ' '< y ~ , 

f) compounds of the formula: ^ - 
X ? -Arg-Val-Tyr-Y,-His-Pro-W, , Vt'f)^ ' 

wherein in the above Fcrmula -II) : 
X F stands for sarcosyl, lactoyl or 

hydroxyacetyl radical ; 
Yv is cyciopentylglycyl or 

oy-iohexylglycyl ; 
;\\ is an aliphatic amino a c i a 

radical or lactic acid 



r a o i c a ^ ; 



;omcc unos 



.as: 



33 

Z- ; -X : -Arg A - V a 1 - T y r .3 ; - V : - H i s , E _ : : -?ro-W : -C j 

Z : -X-,-Arg A : -Vai-Tyr 5 . - Y :; - Hi s - Pr o-W~ - j 3 
IV! ; 

5 wherein in the above Formulas (III) and 

(IV) : 

Y 3 is cyclopentylglycyl ■:■ r 

cyclohexylgi ycy 1 ; 
W 3 is an aliphatic amino acid radical 
10 or lactic acid radical; 

Z 3 is a protecting group removable by 
aci do lysis or catalytic 

hydro genation, preferably 
b e n z y 1 o x y c a r b c n y 1 or 
15 t e r t -but oxy car bony 1 , 

A G is a group suitable f o r the 
temporary protection of tne 
guanidmo group of arginine, 
preferably a nitro group, 
2 0 B G is a group suitable for the 

temporary protection of tne 
aromatic hydroxy! group c<f 
tyrosine, preferably benzyl or 
substitute benzyl, 

2 5 E G is a group; suitable for tne 

temporary protection of the 
imidazole group c: histidine, 
preferably d i n 1 1 r o p h e n y 1 , 

is a group- suitable for the 

3 0 temporary protection of the C- 

terminal c a r b o x y 1 group, 

resistant to =: c i d treatment but 

rem o v a b 1 e for e x a mp I e b y 

catalytic hyirogenation, for 
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example benzyl cr subs:i:u:ea 
C6r. z \"1 , sr. ci 
X : depending on the meaning of X, 
represents either a sarcosy 1 
5 grcur or ar aliphatic carboxylic 

a : i d radical containing an 
am in : ox y group in the o-position; 
and further w h e r e i n B ~ in the above formula is net a 
chrorr.oger.ic group which is removable by enzymatic 
10 hydrolysis and capable of forming a colored or fluorescent 
compound containing the chromogenic group B G . 

The present invention also includes a family of 
non-natural ly occurring compound that specifically inhibits 
the activity of factor Xa, having the general formula A : -A 2 - 
15 ( A 3 ) „ - B , wherein m is 1 cr 0; 

wherein A l is R : -F :: -R 3 ; A : is R,-R 5 -R e ; A 5 is 

R--R & -R 9 ; 

where i n 

Fo is 



20 * 1 \ 



R' 



25 



X is N ; 

R' : is selected from isobutyi, 2-methyipentyl , 
cycl oh exyi methyl , eye lohexeny lme thy 1 , -H , 
2-methyihutyl and 2, ? -dimethylpent yi ; 

R" - is selected from 2-benzofuroyl, alloc, 
acetyl, tnfluereacetyl, 2 - gu i r c 1 1 r oy 1 , 
2 - c v r i o o y 1 , 4 - i s c a u i n o 1 i n o y 1 , 



30 



■Den 



o m i o a z o y ^ , 



■ nai 



ny — f 



yl, 2-pyridoyl, tosyl 



35 

2 - m e t h y 1 c e n z y 1 , 2-furoyl, 

3 , 4 - a i c h 1 o r o c e n z o y 1 , 2-thienylacetyl , 
\ T ; 5-methyi -2-t hienyl ) , ethcxycarbonylacetyl, 

2 - f 1 u i' r z b e n z 3 y I , t-butoxycar b o nyl, benzyl 
-nd 1-21 amino acids; 

is -2P ; ^R ? , wherein "P-:^ and ~P:~ are 
independently selected from the group 

0 jhs i s 1 1 r.g of -H, 4 -ami di nopheny lme thyl , 

4 - ami n ; p he n y 1 me thyl, 4 - h y d r o x y p h e n y 1 me t h y 1 , 
2-naphthylmethyl , 
4- (N-rr. ethylpyridinyl) methyl, 

1 3 - i o> d o - 4 - a m l n o p h e n y 1 ) m e t h y 1 , 
( 4-amin ocarbonyl phenyl ) methyl , 
( 3 - i o o o - 4 -hydro xyphenyl ) methyl , 
( 4 - c y a n o p h e n y 1 ) methyl , 
( 4 - h y d r o x y p h e n y 1 ) me thyl; 

is -C (0) -; 
is -NH-; 

is ~~F. r >A^fB' wherein ~F'sa and -P-sb are 
independently selected from the croup 
consisting of -H, 1 -me thyl propyl , 

cyclohexy Lme thyl ; 

is -C (0) - ; 

is -NH-; 

is -CF ; , -F.;. E , wherein -R & , and -R 55 are 
independently selected from the -group 
consisting of -H, 3-guanylpr opy 1 , 

(dimethylamidinium) aminomethyl, 
(dim. ethyiamidinium) aninoethyi , 

3 — ( N - m e t h y 1 p y r i d i n y 1 '> methyl , 

4 - ■ N -me t h y 1 p y r i d i n y 1 ) me thyl; 
is -C f 0) - ; and 

is Leu-? r 3 - N H - , Le;-Hyc-NH- 

v - c a r b : xvalutamic a c i d - P r c - N H - , 



# 
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, N - c a r b o x y e t h y 1 ; G 1 y - ? r o - U H : , 
l N - 1 , 3- ncarbcxy propyl; Gly-Pro-NH : , 
( r:-methyl ; Leu - Pro-NH : , Leu-NH = , Leu -OH, 
5 - \ T H - ( 4 - t r i rr. e t. h y 1 a m m o n i u m b e n z y 1 ) , 

— t JH— [ 4 — ( 1 -me t hy 1 py r icimium ; me t hy 1 ] , and 
-NH- 4 -amid :. nobenzyl ) . 



The present invention further includes a sub- 
family of non-na t ural 1 y occurring compound that 
10 specifically inhibits the activity of factor Xa, having the 
general fo r mu la A : - A - - [ A 3 ) T - B , wherein m is 1 ; 

where:_n A- is R : -R 2 -R-.; A : is F 4 -R 5 -R 6 ; A 3 is 

R 7 — R~— Rc,; 

wherein 
15 R : is 



X is M; 

F. ' : is selected from H, isobutyl, 2 -met hylpent yl , 
cyclohexylmethyl, 3-quinolinyl, 

20 2-met hylt utyl , 2,3 dimethyl pentyl, and 

c y c 1 c h e x e n y 1 me t h y 1 ; 
F." : is selected from 2-benzof uroyl, alloc, 
acetyl, t r i f 1 uo r c a :c t yl , 2-quinolinoyl, 
3 - p y r i d o y 1 , 4 - i s o q u i n o 1 i n o y 1 , 

2 5 t - b e n z y 1 1 m i u a z c> y 1 , 2 - n a p h t n y 1 me t h y 1 e n e , 

c-pyrazmoyl, benzoyl, 2-pyridoyl, tosyi, 3- 
q u i n o 1 i n c y 1 , 2 - n a p h t h y 1 s u 1 f o n y 1 , 



wnerem ana are 



30 
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insisting : f -H, 3-ami dinopheny Ime t hy 1 , 4- 



.dir. c p h e n y i xe t h y 1 , 4 - a m i n op h e n y 1 me : 



4 - h y d r o >: y p h e n y 1 me t h y 1 , 2 - n a p h t h y 1 me t h y 1 , 

4 - N - rr e t h y i p y r i d i n y i ' methyl, 
5 ( 3 - i :< do-4-aminophenyl) methyl, 

{ 4 - a m i r. o c a r b o n y 1 p h e n y 1 ) m e t h y 1 , 
( 2 - i o d c - 4 - h y d r o x y p h e n y 1 ) m e t h y 1 , 
( 4 -cyaropher.yl ) methyl , and 3-i ndol ylmethyl ; 
F is selected from the group consisting of 
10 -C(0;-, -CR : -, -CHR 9 -CiO- and -C(0)-NR 35 - 

CH r .-2 (").--, wherein R-^ is tne CHF - . 5f group of 
the bridging group - C ( 0 ) - C F 5 5 - ; 
F- is -!1H-; 

F ^ is - C F. ^ n F. t .- ie wherein - R 5 A and - R 5R are 
15 independently selected from the group consisting of -H, 
2-butyi, cyclohexyl and phenyl; 
F c is -C;C -; 
F 7 is -NK-; 

F s is -CF Bn P tB , wherein -R; A and -Reh are 
20 independently selected from the group 

consisting of -H, 3 - guan ylpropy 1 , 

( d i m e t h y 1 a m i d i n i u m ) a m l n o m e t h y 1 , 
( d l m e t h y 1 a m i d l n l u m ) a m l n o e t h y 1 , 

3 - i N - rr e t h y 1 p y r i d i n y 1 ;■ m e t n y 1 , 
25 N ( carboxymet nyi ) ( 3 -py r i di ny Ime t hy 1 ) , and 

4 - ( K - me t h y 1 p y r i d i n y 1 ) me t h y 1 ; 

F ^ is selected from the group consisting of 

-C(O)-, ~CH : - and -CHR ?? -C ( O ) - ; and 
B is -NH-, -OH, Leu-Pro-MH : , Leu-Hyp-NH^ 
30 Pen :0H : COCH -Pro-NH : , Cys -0H-CO0H; -Pro-NH : , 

y - c a r b c :■: y g 1 u t a rr. i c a c i d - F r o - N H : , 

( N - c a r b c x y m ethyl i G 1 y - ? r o - N H : , 
( N - c a r b o x y e t h y 1 ) 3 1 y - P r o - N H , 
i' N -1, 3-dirarboxypr o p y 1 ) G 1 y - F r c - N H : , 
35 OC-methyl ' leu-Pro-NH - , Leu-:;H-, and Leu-OH. 
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Specific embodiment s c: this sue -family c: corr.pcuncis are 
taught :r. E :-: a mp I e XX X I X in T a c ^ e c .. C omp c u n o s 1 - be;. 

The present invention further includes a sub- 
family cf ncn-naturaiiy occurring compound that 
5 specifically inhibits the activity of factor Xa, having the 
general fo r mu la A 1 - A 2 - ■' A 3 ; T - 5 , wherein m is 0 ; 

wherein A : is R : -F~-R-; and A2 is R ; -R 5 -R r ; 
whe r e i n 

is 



10 



R ''>x 



X is N ; 

F. ' : is selected f r cm the group consisting of H, 
alkyi, acyl, aryi, arylalkyl and an amino- 
procectinq group; 

15 F:"; is selected from 2-furoyl, 

3, 4-dichlorobenzoyl, 2-thienylacetyl , 

5 - ir. e t h y 1 - 2 - c h i e n o y 1 , acetyl, 
e thox yea rbonyl acetyl , 2-f luorobenzoyl , 

alloc, and t-but oxycarbonyl ; 

2 0 R 2 is - / wherein R : . A and R- E are 

independently selected from the group 
consisting c f an H ; alkyi, arylalkyl, 
heter oa rylal kyl and heteroaryl, and wherein 
R;r. and R^;. independently tan be substituted 

2 5 with a substituent; 

R-; is selected from the group) consisting cf 
-CiC;-, -CH : -, -CHR^-C (O; - and -C(0)-NR ? =- 
Z H • - 2 Z. - , wherein R-r is the CHR:: group cf 
the bridging group -C'G)-CR= 5 -; 

3 0 R • is -NH-; 
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ir.aepe n a er.tl y 

cons .:. sr. :na of 



se:ecte( 
H , an?. c 



ana 



!xvi; 



are 
group 



10 



B is -NH-M-trimechylammcniumbenzyli, 

-!iH - [ 4 - : i-methylpyridinium) methyl] , 
-!iH - [ 4 - f 1 - ethylpyridinium) methyl ] , and 
-XH- ; 4-amidinobenzyl ) . 
Specific embodiments of this sub -family of compounds are 
taught in Example XXXIX in Table 6 (Compounds 87 - 103) . 



The choice of including an L- or a D- ami no acid 
in a compound of the present invention can depend, in part, 
on the desired characteristics of the peptide. For 
example, the incorporation of one or more D- ami no acids can 

15 confer increased stability on the compound in vitro or 
in vivo. The incorporation of one or more D- ami no acids 
also can increase or decrease the pharmacological activity 
of the compound. In some cases it can be desirable to 
allow the compound to remain active for only a short period 

20 of time. In such cases, the incorporation of one or more 
L-amino acids m the compound can allow endogenous 
peptidases in an individual to digest the compound in vivo, 
thereby limiting the individual's exposure to the active 
compound. The skilled artisan can determine the desirable 

25 characteristics required of compound of the invention by 
taking into consideration, for example, the age and general 
nealtn of an individual. 



A compcund of the invention can oe chemically 
synthesized usin:j, for example, an automated synthesizer 
30 see Example I i . Selective modification of a reactive 
croup such as a grcup present on an ammo acid side chain 
cr an X - 1 e r minus or a C-ter minus reactive group) in a 
cectide can imcart desiracle characteristics such as 




Where solid phase synthesis methods are employed, 
the :hemical composition of a compound car: be manipulated 
5 while the nascent peptide is attached to the resin or after 
the peptide has been cleaved from the resin to obtain, for 
example, an M- terminal derivative such as an N- terminus 
acetyiated compound. Similar modifications also can be 
made to a carboxy group of a compound, including a 

10 C-terminus carboxy -group, which, for example, can be 
ami da ted. One skilled in the art also can synthesize a YIR 
peptide of the invention using solution phase organic 
chemistry. A synthesized compound can be purified using 
well known methods such as reverse phase- high performance 

15 liquid chromatography r:P-HPLC; see Example I) or other 
methods cf separation based, for example, on the size, 
charge or hydrophobic i ty of the compound. Similarly, well 
known methods such as amino acid sequence analysis or mass 
spectrometry (MS) can be used for characterizing the 

20 structure of a compound of the invention (see Example I) . 

The Y I F peptides of the invention can be linear 
or cyclic (see, fc-r example, Table 3, below) . Cyclization 
can be accomplished by forming a bridge between two 
nona d j acen t residues, moieties or subs t i tuents , which can 

25 re within or outside of the YIR motif. Cyclization also 
can re accomplished, for example, by forming a bridge 
between one of the r e sidues within the YIR motif and a 
nonadjacent residue, moiety or substituent outside the YIP. 
sequence, Eor example, peptides cr pept idomimetics can by 

30 cyclized via S-5, -CH -S-, -CH -0-CH -, lactam or ester 
linkages or as previously reported (see Hruby, Life Sci . 
31:189-199 '1962!; Toniolc, Int. j. Pert. Prot. Res. 
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35:26~-3i2 3 9 93 ; Ka:es e: al . , Terr . let: . 34:154 9-1552 
1 993 , each c: which is ir.ccrpcrated herein by reference.. . 

As used herein, the phrase "cutsiie the YIR 
motif" means n:t including a tyrosine, is:; leu cine :r 
5 argmine residue cf trie YIR sequence or its equivalent 
present in a YIP peptide of the invention. In contrast, 
the phrase "withi n the YIF met it " means including at least 
one of the tyrosine, is: leucine and argmine residues of 
the YIR sequence or its equivalent. The term, "bridge" in 
10 referring to a cyclic compound means a bond fcrmed between 
two non- adjacent amino acids present in a YIR peptide of 
the invent len . 

Cyclization '.can be achieved by the formation, for 
example, of a disulfide bond or a lactam bond between X- and 

15 X . Residues capable of forming a disulfide bond include, 
for example, 2ys, Pen, Mpr, and Mpp and its 2-ammo group- 
containing equivalents. Residues capable of forming a 
la o tarn bridge include, for example, Asp, Glu, Lys, Orn, 
a , \i -di ami nop r op i om c acid, a-amino-adipic acid, 

20 a , y-di amincbu t yr i c acid, d iammoacet i c acid, ammobenzoic 
acid and meroaptobenz: io acid. The compounds disclosed 
herein can be cyclized, for example, via a lactam bond, 
■which can utilize a side chain group of one non-adjacent 
residue to form a cc-valent attachment to the N-termmus 

25 amino group of X- or of Y. Alternative bridge structures 
also can be used to cyciize the compcunds of the invention, 
including, f:r example, peptides and p ep: t id omimet l cs , which 
can be cyclized via S-S, -3H -S-, -CH -Q-CH -, lactam, ester 
or other linkages see for example, Hruby, supra, 1382; 

30 Tcniolo, supra, 1 9 90; Kates et al . , supra, 1 993; . 

the present invention can be 
mp'Csition or as a mixture of 





42 

expounds cjnraimng various combinations of substituents . 
The flexibility permitted by the choice of substituents 
permits a great deal of centre! over the physico-chemical 
properties of the peptide corp jur.d analogs. The choice of 
5 toe s u b s t i t u e n t also influences the binding affinity of trie 
compound (see Examples; . 



Various c om p.) o u n d s containing d 1 f f e r e n t 

arrangements of the substituents exhibit different levels 
of inhibitory activity for factor Xa . These compounds were 

10 synthesized according to the procedures described i n the 
Examples. Testing the peptides for inhibitory activity was 
accomplished using the assays described in Examples XXXVII 
and XXXVIII. Using such methods, one skilled in the art 
can synthesize a compound as disclosed herein, including a 

15 modification thereof, and determine the factor Xa 
i n h i b i t :■ r y a etivit y o f t h e c omp o u n d . 



The invention provides compounds that 

specifically inhibit factor Xa activity. Such compounds 
have a Ft < 100 uM, preferably < 2 nM, for factor Xa 

20 activity and do not substantially inhibit the activity of 
coher proteases involved i n coagulation and fibrinolysis 
relative to the inhibition of factor Xa (see Table 1, 
above] . Such other proteases include, for example, 

thrombin and plasmin. Specificity of the compounds of the 

25 invention is demonstrated in Example XXXVII, below (see, 
aisj, Table 2, above.' . 

A c omp' o u n d o f the invention can be used 
advantageously as an anticoagulant, whic h c an be c o reacted 
30 with a clood sample to prevent coagulation. For example, 
an effective amount of a c c mp> o u n d of the in v e n t i o n c a n b e 
contacted with a f r e s h 1 y d r a w n blood sample to prevent 
coagulation of the blood sample. As used herein, the term 
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"effective amount" when used in reference to a compound of 
tne invent ror. means an amount cf a corrxouna that inhibits 
f a:tor Xa activity. Tne ski ilea artisan would recognize 
tr.at an effective amount of a compound of the invention can 
5 be determined using the methods disclosed herein (see 
Examples XXXVII and XXXVIII) or otherwise known in the art. 
In view of the disrlosec: utility of a compound cf the 
invention, tne skilled artisan also would recognize that an 
agent such as heparin can be replaced 'with a compound of 
10 tne invention. Such a use of a compound of the invention 
can result, for example, in a cost saving as compared to 
other anticoagulants. 

In addition, a compound of the invention can be 
administered to an individual for the treatment of a 

15 variety of clinical conditions, including, for example, the 
treatment of a cardiovascular disorder or a complication 
associated, for e x amp 1 e , with infection or surgery. 
Examples of cardiovascular disorders include restenosis 
following angioplasty, adult respiratory distress syndrome, 

20 multi-organ failure, stroke ana disseminated intravascular 
coagulation clotting disorder. Examples of related 

complications associated with surgery include, for example, 
deep- vein and proximal vein thrombosis, which can occur 
fc>l lowing surgery. Thus, a compound of the invention is 

2 5 useful as a medicament for reducing or inhibiting unwanted 
cc>agulation in an individual. 

Since a YIR peptide of the invention can inhibit 
factor Xa activity, such a compound can be useful for 
reducing or inhibiting bicod clotting in an individual. As 
30 used herein, the term "individual" means a vertebrate, 
including a ma mm a 1 such as a h una n , in w hich factor X a is 
involved in the clot t ma cascade. 




ir.ver. As usee herein, the tern "therapeutically 
5 effective amount" means the hose of a VIF. peptide that must 
be administered to an individual in order to inhibit factor 
X a activity in the individual. Mere specifically, a 
therapeutically effective amcunt of a compound of the 
invention inhibits fa c tor X a catalytic a c t i v 1 1 y e 1 1 h e r 

10 directly, within the prothrorr.binase complex or as a soluble 
submit, or indirectly, by inhibiting the assembly of 
facto r Xa into the p r othr ombmase complex. In particular, 
such compounds can inhibit factor Xa activity with a 
K <_ 10 0 ljM and, preferably, with a K < 2 nM. A 

15 therapeutically effective amount can be determined using 
the methods described, for example, in Examples XXXVII and 
XXXVIII or otherwise <nown in the art. 

In the practice of a therapeutic method of the 
invention, the particular dosage to obtain a 

2 0 therapeutically effective amount of a pharmaceutical 
composition to be administered to- the individual will 
depend on a variety of considerations, including, for 
e x ample, the nature or severity o f the disease, the 
schedule of administration and the age and physical 

25 characteristics of the individual. An appropriate dosage 
can be established using clinical approaches well known in 
the medical art. Thus, the invention provides a method of 
specifically inhi citing fact cor Xa activity by c cent acting 
factor Xa with a compounc: having the sequence X--YIF-X or 

30 A1-A2-V-.3 ..-=, wnere m is 1 or 1, or a functional equivalent 
thereof. The invention further provides a met hoc of 
recucir.a or inhibiting the formation of a Mood clot in an 
individual by administering a therapeutically effective 
amcunt of a comocuna of tne invention. 




administered to an individual as a compos it ion containing 
the compound and a p ha rmaceu t 1 oal 1 y acceptable carrier. 
The term 11 ph a rma reut i :a 1 1 y acceptable carrier" refers to a 
5 mediurr. or composition that is ncn-toxic to an individual :»r 
has acceptable tcxicity as determined by the appropriate 
regulatory agency. As used herein, the term 

ph a rma ceu t i c a 1 1 y acceptable carrier encompasses any of the 
standard ph a rmace ut i cai carriers such as phosphate buffered 

10 saline, water, an emulsion such as an oil/water or 
water/oil emulsion, or any of various types of wetting 
agents. Suitable pharmaceutical carriers and their 

formulations are described by Martin (in Remington ' s 
Pharmaceutical Sciences, 15th Ed. (Mack Publishing Co., 

15 Saston 1975) which is incorporated herein by reference) . 
Such compositions will, in general, contain a 
therapeutically effective amount of a compound of the 
invention together with a suitable amount of carrier so as 
to comprise trie proper dosage for administration to an 

2 0 individual. Thus, the claimed compounds can be useful as 
medicaments for inhibiting factor Xa activity and blood 
clotting in an individual. 



rharmaceuticaliy acceptable carriers also can 
include, for example, other mediums, compounds or 

25 modifications to a factor Xa inhibitor compound that 
enhances its pharmacological function. A pha rmaceut i ca 1 1 y 
acceptable medium can include, for example, an acid 
addition salt such as a salt formed with an inorganic acid 
sum as hydrochloric acid, hydrobromic acid, phosphoric 

3 0 acid, sulfuric acid or perchloric acid, or with an organic 
a : i d such as acetic and, cxalic acid, maleic acid, ma 1 i c 
acid, tartaric acid, citric acid, succinic acid or ma ionic 
acid. Ctr.er p h a r ma c e u t i c a 1 1 y acceptable salts include, for 
example, mcrganic nitrate, sulfate, acetate, malate, 
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tcrmate, lactate, tartrate, succinate, citrate, 

p-tcluenesuifonate, arc the like, including, cut not 
lirr.ited to, cations based on the alkali ana alkaline earth 
rr.etals such as soti-irr,, lithium, potassium, calcium :-r 
magnesium, as well as non-toxic ammonium, quaternary 
ammonium and amine cations such as ammonium, 
methylammmium, dimethyl ammonium, trmethylammonium, 

tetramethylammonium, ethylammonium, tnethylammonium and 
tetraet hyl ammonium. 



10 



15 



Examples of modifications that enhance the 
pharmacological function of the compound include, for 
example, esterif ication such as the formation of C- to c r - 
alkyl esters, preferably C ; to C 4 alkyi esters, wherein the 
alkyl group is a straight or branched chain. Other 
acceptable esters include, for example, C, to cycioalkyl 
esters ann arylalkyl esters such as benzyl esters. Such 
esters can be prepared from the compounds described herein 
using conventional methods well known in the art of peptide 
chemistry . 



20 Pharmaceutical^ acceptable modifications also 

can include, for example, the formation of peptide amides. 
Such arride modifications, which can be effected upon the 
compounds of the invention, include, for example, those 
derived from ammonia, primary C. to C, dialkyl amines, where 

25 the alkyl groups are straight or branched chain, or 
arylamines having various substitutions. In the case of 
secondary amines, the amine also can be in the form cf a 5 
or 6 memfcered heterocycle containing, f:r example, a 
nitrogen atom. Methods for preparing such amides are well 
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farter X a or to isolate factor Xa in a substantially 
pj.ririec rcrm. Preferably, one compound of the invention 
is labeled with, f :: r example, a radioisotope, and the 
lace led compound is detected using a routine method useful 
5 for detecting the particular label. In addition, a YIR 
peptide can be used advantageously as a probe to detect the 
location or amount of factor Xa activity in vivo, in vitro 
o r ex vi vo . 

It is understcod that modifications that do not 
10 substantially affect one activity of the various 
embodiments of this invention are included within the 
invention disclosed herein. Accordingly, the following 
examples are intended to- illustrate but not limit the 
present invention . 

15 EXAMPLE I 

Peptide Synthesis Procedures 

Starting materials used in the synthesis were 
obtained from chemical venders such as Aldrich, Sigma, 
Fluka, Nova Biochem and Advance Ch em tech. During the 

20 synthesis of these compounds, the functional groups of the 
amino acid derivatives used in these methods were protected 
by blocking groups to prevent side reaction during the 
coupling steps. Examples -of suitable protecting groups and 
their use are described in The Peptides , supra, 1981, and 

25 in Vol. 9, Idenf riend and Meienhofer ed. 1937, which is 
incorporated herein oy reference. 

General solid-phase peptide synthesis was used to 
produce the compounds o>f one invention. Such methods are 
described, for example, by Steward and Young f Solid Phase 
3 0 Pep tide Synthesis (Freer: an and Co., San Francisco, 19c9), 
which is incorporated herein t y reference; . 
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Unless indicated otherwise, peptides were 
synthesized on polystyrene resin cross-linked with 1? 
d i v i n y 1 b e n z e n e . An acid sensitive linker R i n k Linker; was 
coupled to the soiia support (Rink, Tet r . Lett . 28:37 37 
5 ,1987:; Sieber, Tetr. Lett. 28:2107 (1987), each of which 
is incorporated herein by reference' . Coupling was 

performed using N, N 1 -diisopropylcarbodi imide (DIC) in the 
presence of an equivalent amount of HOBt . All couplings 
were done in either N , N -dimethyl f ormamide -;DMF) or 
10 DM F : d l c hlor ome thane (1:1 mixture ) at room temperature ( RT ) 
for 40 mm. Completion of coupling was monitored by 
ninhydrin test. 

Deprotection of the Fmoc group was accomplished 
using 50% pipendine m DMF for 10 min. The amount of Fmoc 

15 released was determined from the absorbance at 300 nm of 
the solution after deprotection, volume cf washes and 
weight of the resin used m the synthesis. A second 
(double; coupling was performed where coupling in the first 
instance was incomplete. The cycle of each coupling and 

20 methods was as follows: 



Action 

1 7 Peptide Resin 

2. 4 fold-excess amino 
acid derivat ive 

1.4 equivalent 

1.4 equivalent 

Couple for 40 min 

v; ash (3 x r mi) 

I'ir.hydrm test 

Det rotect ion (10 min; 



a a : 



,\ a s n 



x 5 ml ) 



Feagent and Solvent 
10 ml DMF 



DIC 
HOBt 



:mf 



Iper i dine / DM t 
DMF 



>r ome thane 



:m , 




After c omp letion of pep tide ass emb 1 y c n t h e 
resin, the final Fm c c deprotecr: on was pert c r me d , then 
5 f o 11 owed by normal wash cycles and determination the amount 
of Fmo r group release: by iep r o t ecc i on . In some cases, the 
N : - unprc tec tea pec tide was acotylated by shaking the peptide 
resin with 2 0 - f ■:■ 1 d excess of aceu : a n h y d r i d e / p y r i d i n e 
(1:1) in DCM for 15 mm. The peptide resin was washed 
10 successively with DCM, DMF and DCM, then dried under 
vac u urn . 



Peptide resin was suspended m reagent K (King et 
a 1 . , Int. J . Pept . P r o t . Res. 36:2 F 5 - 2 6 6 { 1 9 9 0 ■■ , which is 
incorporated herein by reference ; cccktail ( F ml/g peptide 

15 resin) for ISO mir. at PT, then tne cleavage mixture was 
filtered in anhydrous diethyl ether and the solid 
precipitate was isolated by cent ri fugat ion and dried in 
vacuum over solid pellets of KOH . The dried peptide was 
subjected tc KrLC purification using an appropriate 

20 gradient of 0.1% T FA in water and acetonitrile (ACNj. 
After collecting the peak containing the intended synthetic 
product, the peptide solution was lyophilized and the 
p^ep-tide was subjected tc an identification process, which 
included electrospray MS and ammo acid analysis to confirm 

2 5 that the correct c omp o una was synthesize d . 



souti o: 
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For pep; tide purification, a sarrxle of crude 
a peptide was dissolvea in a mixture o: C.I* 
FA containing 1C- to r ; : AT:;. The peptide 
sualiy was filtered t h r ou g h a syringe ccr.necte d 
urn nylon "ACRCFISC" 11 ;Gelman Sciences; Ann 
filter. A proper volume of filtered peptide 
■as injected into a seiri-r reparative C16 column 
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7 y d a c ? r c c e i n and Peptide CIS, 2 1 8 T ? 1 " 1 Z ; The Separatirn 
3 r c u p ; Hesperia I A " . Tr.e flow rate of a gradient : r 
isocracic mixture cf 1 . 1 TFA buffer ana ACN' (HFLC grade} 
as an eluent was maintained using a Beckman "SYSTEM 30L2" 
5 HP2C. Eiuticn if the peptide was monitored by UV detection 
at 230 r.Ti IBeckman, System Gold, Programmable Solvent 
Mcuule 126 and Pr :> gr ammab 1 e Detector Module 166 controlled 
by " SYSTEM GOLD" software) . After identifying the peak 
i ■:.» r responding to the c omp :und under synthesis, using MS, 

10 the compound was collected, lyophilized and biologically 
tested. MS was performed using a SCI EX API III+ 

instrument. In addition, NMR was performed using a General 
Electric instrument (300 MHz) . Eor NMR, samples typically 
were measured in hexadeuterodime thyl sul f oxide or 

15 deuterochlorof orm (CDC1.; Aldrich). 



Amine acid aldehydes were prepared using methods 
well known in the art. Amino acids and peptide aldehydes 
have been reported, for example, by Eehrentz and Castro, 
Synthesis 676 (1983); Bajusz et al . , J. Med. Chem. 33:172? 

20 (1990); Kawamura et al . , Chem. Pharm. Bull. 17:1902 (1969), 
ana Someno et al . , Chem. Pharm. Bull . , 34:1748 (1986), each 
of which is incorporated herein by reference. Synthesis of 
reduced peptide bonds was performed at the level of the 
dip-eptide m solution (e.g., T y r - { 'J' ( C H 2 N H ) } - 1 1 e ) , then the 

25 properly protected dipepticie was coupled to- the rest -of the 
peptide on resin using solid phase pep- tide synthesis. 
Alternatively, the protected amino acid aldehyde was 
coupled to tne peptide on resin using net hods described by 
Ho e t a 1 . ( Pep't . Pes. 6:10-12 (1 993: , a no references citeo 

30 therein, each of which is incorporated herein by 




Synthesis of Ac-iyr-Iie-Arg-Leu-Ala-NH 

For the synthesis cf Ac-Tyr-Ile-Arg-Leu-AIa-NH , 

1 g -if Pink resin ? . 6 mmo 1 I I H / g resin ; was used i n the 
5 procedure as described above. The resultant peptide was 
analyzed by MS. (M + H 1 found 65 9.4, calculated >calc.) 
659 . 9 . 

EXAMPLE III 
Synthesis of Ac-Tyr-Ile-Arg-Leu-Pro-NH 

10 For the synthesis of Ac-Tyr-Ile-Arg-Leu-Pro-NH , 

1 g cf Fink, r e s i n i 1 . 6 mmo 1 N K ■ / g resin) was used in the 
procedure as described in Example I. The resultant peptide 
had an ( M + H ) * found 68 5.4, calc. 68 5.9. 

EXAMPLE IV 

1 5 Synthesi s of Ac- (iBu) Tyr- 1 le-Arg-Leu- Pro-NH 

1 g of Rink resin (0.6 mmol NH : /g resin) was used. 
The general solid phase synthesis outlined above was used. 
After deprotect ion of Tyr and proper washing of the peptide 

20 resin, 50 eq i sobuty r aldehyde in EiMF containing 2% glacial 
acetic acid was added. The resulting mixture was shaken 
for 4 hr at RT . After washing the peptide resin with DMF 
containing 2^ acetic acid (2 x 8 ml ) , 1 g of NaBH.CN in 10 
ml of DMF containing 2k acetic acid was added. The peptide 

25 resin was shaken fcr 30 min, then the peptide resin was 
filtered and a fresh mixture of NaBH.IN in DMF/ ace tic acid 
was added and the reaction continued for an additional 30 
m i n . 

The peptide resin then was w ashed w i t h DM F / 2 * 
3 0 acetic acid 2 x 5 ml and IMF 2 x 8 ml . The resultant 




proper washing of the peptide resin, the p» e p t i d e was 
cleaved and deprote:ted as described in Example I. HPLC 
5 purified peptide was analyzed by MS. (M + H)* found 758.4, 
calc. 759.5. 

EXAMPLE V 

Synthesis of Tf a- ; i&n ) Tyr- 1 le-Arg-Leu - Pr o-PJH J 

The same protocol as described in Example IV was 
10 used to prepare ( iBu ) Tyr-I ie-Arg-Leu-Pro-Pink resin. Final 
t r i f luor oacety lat ton was performed by treating the peptide- 
resin with 0.7 M trif luor oacet anhydride in the presence of 
Ed i sop ropylethylamine (DIEA) and N-methy! imidazole (NMI) 
(1:::C.3 eq) for 45 min. Cleavage of the peptide from the 
15 resin and isolation of the peptide were performed as 
described in Example IV. The purified peptide was 

identified by MS. (M + H)' found 812.4, calc. 812.5. 

EXAMPLE VI 

Synthesis of Ac-Tyr- I le-Arg-N (CH. ; O (CH ,) 

20 The synthesis of Boc-Arg ( N -Tos ) -I j ( CH-, ) O ( CH , ) was 

accomplished according to the literature procedure 
(Eehrentz and Castro, supra, 1 98 3). Eoc-Arg (N'-Tos) - 

N(CH.) 0(CH.) (200 mg ) was mixed with 5 ml trif luoroacetic 
acid (TEA) at RT and stirred for 20 min. Disappearance of 

25 the starting material was monitored h y thin layer 
chromatography (TLC; usmc CHC I . : MeOH : CH . COOH (90:9: 1> and 
v isuaiiz e d by ninhyorin spray and U V illumination. 
Evaporation of the remaining TEA under vacuum and drying in 
vacuum over KCH pellets resulted in a solid material having 

30 the proper mass. : M * H . * found 2^1.2, calc. 371.4. 
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In one flask, 151 mg of the material prepared 
above was dissolved in 1 ml IMF, then d" 7 ul t riethylamme 
was added and the mixture was c o c 1 e o to 0 ~ C . In a secc n d 
flask, 1 "* 1 mg of Z-Tyr-Iie-OH ■; 3icchem Bioscience Inc.; 
5 E'hiladelphia PA) was dissolved in anhydrous te t rahydrof uran 
(THF) and cooled to -10 3 C, then 44 yl NNM and 52 y 1 
i sobutyl chlorof ormate was added under N and the mixture was 
stirred for 15 min. A solution of Arg ( Tos ) N ( CH .) OCH . in DMF 
previously prepared was added tc the mixed anhydride of Z- 
10 Tyr-Ile-CH dipeptide and the mixture was stirred at -10°C 
for 3 0 min, then overnight at RT . 

After workup of the reaction mixture as described 
in Example I, the pep-tide was dried under vacuum and a 
small portion was pmrified by HPLC and analyzed by MS; the 

15 peptide had the expected molecular weight (781) . The 
resulting peptide 1-Tyr- iie-Arg (Tos ) -N (CH : . ) OCH. was mixed 
with 500 pi anisole and subjected to HF deprotection by the 
usual procedure. After workup, 169 mg of the product Tyr- 
I le-Arg-N -CH-, ) O (CH : ) was isolated and identified by MS 

20 (found 493.6, calc. 494) . The residual peptide then was 
dissolved in 1 ml of the 1 N HC1 and lyophili zed . 

Tyr-1 le-Arg-N ( CH . ) OCH . . 2HC1 (76 mg ) was dissolved 
in ACN, cooled to 0°C and 13 yi pyridine was added, followed 
by 15 ul acetic anhydride. The mixture was stirred at 0°C 
25 for 3 hr and completion of the reaction was monitored by 
the nmhydrin test. After stirring at RT for 8 hr, the 
reaction mixture was worked up and the product, Ac-Tyr-Ile- 
Ar g-N ;'CH . } OCH . , was characterized by MS (found 535.6, 
calc. 535.3). 




a. Synthesis cf Fmoc-Tyr ; Bui ; -H 

4.6 c (10.0 mrnoi) Fmo:-Tyr (But) -CH, 2.1 g (10.1 
5 mmol: dicylohexylca rbodi imide <DCC), 1.26 g '10.1 mmol) 
oer:zylmer:aptan and 0.12 g DMAP were reacted in DCM as 
described by He and Ngu ( J. Org. Chem. 58:21:15 (1993), 
which is incorporated herein by reference) . After workup, 
Fmoc-Tyr (But ) -S-CH : C..H- was isolated and, upon reduction of 
10 the thio ester by stirring with triethylsilane in the 
presence of 10 i Pd on carbon and purification by flash 
chromatography, gave a 31% yield of Fmoc-Tyr (But) -H. The 
MMR and mass of the product were in accordance with the 
expected range . 

1 5 b. Synthesis of Fmoc-Tyr (But) -IT(CHNH) } - I le- ( O-Allyl ) 

0.7 3 g (1.66 mmol) Fmoc-Tyr (But ) -OH and 0.209 g 
(3.32 mmol) N a 3 H ? C N in 20 ml of 1% AcOH in DMF were added to 
a solution of 0.516 g (1.82 mmol) TFA . I le- ( O-Al 1 yl ) in 2 ml 
of E'MF. After 2 hr, the reaction mixture was worked up and 
20 the final product purified by flash chromatography (ethyl 
acetate : hexane , 35:65) to give an oil product having the 
proper NMR and MS. ( M + H) found 599, calc. 5 93.7. 

c . Synthesis of Fmoc-Tyr ' But ) - IT (CH NH) } - T le-OH 

7 8 mmol ) Fmc :-Tyr (Eu:j - { ^ (CH NH) } - 
was added 8 9 ul '1.56 mmol) HC Ac, 
and J. 02 g of complex PdCl (Ph.: . 
was added in one portion and the 



Tc 0.167 g (0. 
25 Tie-CAHyl m 1 ■: ml DCM, 
2 0 u 1 trieth y 1 amine -TEA 
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chromatography ; CHO I . : MeC H , 20:1) to give a 69^ yield (0.319 
g) of the expected peptide. (M + H*) found 559, calc. 558. 
Fmo:-Tyr '.But ) - { ^ (CH_NH) } -Ile-OH then was coupled to 
Ar z ■! ?mc ) -Leu- Fro-? ink resin using general solid phase 
5 met nod j logy as outlined m Example I. The finisned peptide 
resm Ao-Tyr (But) - {W (CHIIH) }-Ile-Arg ( Pmo ) -Leu- Pro-Rink was 
deprc tected and cleaved as usual as described in Example I 
and purified by HrLC on CIS column. 

EXAMPLE VIII 

1 0 Synthesis of Ao-Tyr- I le-Arg-NH-CH ( 4-Pyridyl ) 

Oxime resin (E'eGrado and Kaiser, J . Org . Chem . 
45:1295 (1980) (0.862 g of 0.6 mmol/g) was coupled 
overnight with Boc-Arg ( Tos ) -OH in the presence of DIC/HOBt. 
The resin was washed with DMF, then DCM and acetylated with 

15 acetic anhydride / DIEA eq) in DCM. After washing the 

resin with DCM, DMF and DCM , it was deprotected with 25% 
TFA in DCM for 30 min. The deprotected resin was washed 
with DCM, isopropanol and DCM. To TFA.Arg (Tos) -OxmR was 
coupled Boc-Ile-OH in symmetrical anhydride form (3 eq) in 

20 the presence 1.5 eq DIEA in DCM. The cycle of washing, 
acetylation and deprotect ion, as described above, was 
repeated. After depr otection, Boc-Tyr ( 2-Br Z ) -OH was 

coupled in a similar way as He, then the finished peptide 
resin Boc-Tyr (2-BrZ) -Ile-Arg (Tos) -OxmR was deprotected and 

25 acetylated to give Ac-Tyr (2-BrZ) -Ile-Arg (Tos) -OxmR. The 
peptide resin was dried under vacuum to give a total gain 
o f 0.216 g . 

To 1/3 :f the resin was added 100 ul (800 umol ) 
4 -( dime thy 1 amino } pyridine in the presence of 60 ul glacial 
30 acetic acid and 12 3 ul DIEA in 6 ml of DCM. The resin was 
snaKen overnignt at RT . After filtration of the DIM 
sciuticn, the resm was washed with 2 ml DMF and the washes 
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were :c mb ineci with the C C M filtrate. After evaporation o f 
trie solvent, the resiooai peptiae was deprotected with 
HF/anisole and processed as usual to obtain the exported 
peptide. rhectrcspray MS was performed. t M + H } f :> u n d 
5 532.3, -ale. 582. 

EXAMPLE IX 

Synthesis of Ac-Tyr-Ile- I? (CHJJH; ) -Arg-Leu- F ro-NH 

a. Synthesis of Boo-Ile-H 

Aldehyde was synthesized from 1 g Boc-Ile- 
10 N (Me) OMe as described by Fehrentz and Castro (supra, 1983) . 
The aldehyde was identified by TLC and NMR as described in 
the re f er ence . 

b. Synthesis of Arg ( Tos } -Leu- Pr o-KBHA 

Synthesis of tripeptide resin was performed by 
15 general solid-phase approach described in Example I. 

c. Synthesis of Boc- 1 1 e- f X V f CH - NH ) f-Arg(Tos) -Leu-Pro-MBHA 

Boc-Ile-H was coupled to the tripeptide resin 
A r g f T o s ) - L e u - P r o - M 3 H A, by reductive am i n a t i o n using N a E H . C N 
in DM F containing IV acetic acid. The Boc-group was 

20 oleaved as usual and Ar-Tyr-OH was coupled using DIC/HOBt. 
The finished peptide resin (0.7 -j) was deprctected and 
cleaved from the resin using H F / 1 h i o a n i s o I e mixture. 1? mg 
of the crude Ac -Tyr - 1 1 e -{ y <' CH NH; } -Arg-Leu- Pro-NH was HPLC 
purifier on CI 8 column to give about 5 mg of > 90* pure 

25 expected peptide. ( M - H " .:■ found 68 8.4 , calc. 687.9. 




Synthesis of Ac-Tyr-Ile- Dab ;N'-2 . H N: -Leu-Ala-NH p 

:.2 ^ SCAL-T3 ;C.2 mmol NH_ / g ) (Patek & Lebi, 
Ten. Lett. 32 : 3 & 9 1 - 3 t 94 (1991), which is incorporated 
5 herein by reference* was coupled with Fmoc-Ala-OH, 
Fmoc-Leu-OH , Fmoc-Dab (Boc ) -OH, Fmoc-Ile-OH and 

Fmoc-Tyr (But ) -OH using methods as described in Example I. 
After acetylaticn of the N-terminus and .aide chain 
deprotection by TFA, the peptide res in * Ac-Tyr- I le- Dab-Leu- 

10 Ala-SCAL-TG was washed, neutralized and treated with 0.3 M 
PyBroP/NMI in DMF for 2 hr . The finished peptide was 
cleaved from the resin using 1 M triphenyl phosphine/ 
(CH.) : .SiCl in DCM (3 x 1 hr), followed by 100% TFA (1 hr). 
After isolation of the crude peptide by diethyl ether 

15 precipitation, the peptide was lyophilized from a 0.1% 
aqueous solution of TFA. The peptide Ac-Tyr- I le-Dab ( N - 
C.H-N) -Leu-Ala-NH : was purified by HPLC and characterized by 
MS. (M + H*) found 676.4, calc. 676.4. 

EXAMPLE XI 

2 0 Synthesis of Ac-Tyr -I le-PalMe ( 3 ) - N H _ 

To 1.0 g Rink resin (0.48 mmol NH-/g) was coupled 
Fmoc-Pal ( 3 ) -OH, Fmoc-Ile-OH and Fmoc-Tyr ( 3ut ) -OH using the 
methods described in Example I. To 0.25 g of the finished 
peptide resin, Fmoc-Tyr Bu t ) - 1 le- Pa 1 t 3 ) -Ri r.k , was added 500 

25 pi methyl iodide (Mel) in DCM and the pep-tide resin was 
shaken for 6 hr . The finished peptide resin, Fmoc- 
Tyr (But ) -Ile-PalMe ( 3 : -Rink, was depr jtected and acetylated 
ana cleaved as described in Ex amp 1 e I . A portion of the 
crude peptide was purified by HPLC and the final peptide 

30 was characterized by MS. 
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EXAM PLE XII 

Syn:hes:3 of Ac-Cyclo .GI^-Tyr-Ile-Arg-leu-Lys ; -MH ^_ ' ' ' 1 

1 g SCAL-TG (C.29 mmol NH / g ; (see Example X ; was 
coupled with Fmo:-Lys i.Bcc i -OH, Fmcc-Leu-OH, Fmoc-Arg (Pmc) - 
5 OH, Fno:-Ile-OH f Fmoc-Tyr :But ; -OH and Emoc-Glu ( Ot 3u .) -OH 
using methods as described In Example I. After Fmoc 
removal, the pep-tide resin was acetylated and washed with 
CMF, then with DCM . The peptide resin, Ac-Glu (OtBu) - 
Tyr t 3a t ) - I le-Arg ( Pmc ) -Leu-Lys (Boc) -SCAL-TG , was dep rotec ted 

10 with reagent K, washed, neutralized and cyclized using 
BOP/HOBt/DIEA (5:5:5 eq) in DMF for 2 hr . The completion 
of coupling was monitored by ninhydnn test as described by 
?:aiser (Kaiser e: al., Anal . Bicchem. 34:595 (197C), which 
is incorporated herein by reference; . After cyclization, 

15 the peptide was cleaved from the resin, purified by HPLC 
and characterized by MS. (M +- H)' found: 814.5, calc. 844.5. 

EXAMPLE XIII 
Synthesis of Cycle iGiy-Tyr-IIe-Arg-Gly) 

1 q cxime resin (see Example VIII) (0.6 mmol 
20 NH /g) was coupled overnight with Boc-Gly-OH in the presence 
of DIC/HOBt. After washing and deprotection of the resin, 
Boc-Arg (Tos) -OH, Boc-Ile-OH and Boc-Tyr ( 2-BrZ) -OH were 
coupled using methods as described in Example VIII. 
One-third of the peptide resin, Boc-Tyr (2-BrZ) -Ile- 
25 Arg (Tos ) -Gly-Oxime resin, was deprotected and coupled with 
Boz-Giy by DIC/'HOBt. The finished peptide resin was 
deprotected, neutralized and cyclized overnight in E>MF 
containing 1 acetic acici. The resin w^s filtered and 
washed IMP , the filtrates were combined and the organic 
3 0 solve n t w as removed by evaporati o n in va :uo . The residua 1 
peptide was deprotectec HF/aruscle, , lyophilized, HPLC 




Synthesis of N-subs::tute d Glycine Compcunds 



S y n thesis of A:- (Bz. 



•g h :■: ; G . 



( 3-guamdop: 



vpx. 



v-NH 



For the synthesis cf N- subs t i t u t e d glycines, the 
procedure of Zuckermann et ai. ( J . Air, . Chen: . Soc . 114:1064 6 
{ 19 92 ) , which is incorporated herein by reference) was 
used. 1 g SCAL-TG (0.29 mmol MH /g) (see Example X) was 

10 coup- led with bromoaceti. c acid via symmetrical anhydride in 
LCM/DMF. Each coupling reaction was repeated twice. To 
Br-CH CO-SCAL-TG resin was added 3oc -NH- CH CH C rh NFL in DMSO 
and the r e s i n was rocked f o r 2 h r . After deprotection, the 
process repeated by alternating the coupling of Br-CH : COOH 

IB t ■:> the resin and the react! o n of b r omo acetic acid resin 
witn the proper amine. The ( E z 1 ) Gl y- ( Chx ) Gl y- ( Boc -NK- 
(CH ) -.) Gly- SCAL-TG resin was ace ty la ted with acetic 
arinyaride/DiEA/NMI (1:1:0.25) in DMF overnicht. After 
deprotection of the Bo:: group, tne resin, Ac-(3zl)Gly- 

20 (Chx i Gly- ( 3-aminopropy 1 ■ Gly-SCAL-TG, was treated with 1.8 M 
ca r boxy ami di no pyr a zole . HC1 (Bernatowicz et al . , J . Org . 
Cnem . 57:2497-2502 (1992), which is incorporated herein by 
reference) in of presence of DTEA (1:1) on DMF for 3 h at 
FT. The o omp letior, of guanylation was monitored by the 

2 5 Kaiser test. Cleavage and processing of the resultant 
peptide was performed as desoribed in Example X ana 
analyzed by M.S. (M * H.* fcund 502. 3, calc. : :02.3. 
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EXAMPLE XV 
Synthesis of di ke t op ipera zone compounds 



? s i s or 
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i e w r d [ 



strategy 




peptide resin, Fmoc-Ida (CMe ', -CH ;3 eq; DIC, HOBt ; and Fmoc- 
Ser :3u: -OH ;7 eq; s ymme t r i :a I anhydride; were ccupled 
c or.sec it i ve i y . The final depr oce c t i on and spontaneous ring 
5 ch'sure were performed si mu 1 1 a n e o u s 1 y by 1 hr exposure to 
i 0 * piper i dine / DMF . After washing steps, the final peptide 
was cleaved and deprotected using TFA/ thioanisole/H O 
{ 9 5 : 2 . 5 : 2 . 5 ) . The resultant pep- tide was processed as 
described above and it was analyzed by HPLC (> 95%) and by 
10 MS. (M + H ) found 65 5.4, calc. 655.33. 

EXAMPLE XVI 
Synthesis of Ph-C (IJOCH : Ph) -CO-I-R-NH : - 

0.2 g Rin> resin was coupled with 
Fmoc-Ar g ( Pmc ) -OH , Fmoc-Ile-OH, followed by removal of Fmoc 

15 protection (see Example I) . To the peptide resin, ile- 
Arg ( Pmc } -Rink, was coupled with Ph-C (KOCH Th) -COOH using the 
PIC/HOBt protocol described above. The finished peptide 
resin, Ph-C ( MOCH : Ph ) -CO- 1 1 e-Arg ( Pmc ) -Ri nk , was worked up as 
described in Example I and analyzed by MS. (M + H)~ found 

20 524.3, calc. 524.6. 

EXAMPLE XVII 
Synthesis of Ac-p-Aph- Iie-Arg-Leu-?ro-NH _+ 

The synthesis was performed on 100 mg Pink resin 
(0.48 mmol/gl according to the method of Example I, using 
25 the fallowing amino acids derivatives: Fmoc-Prc-OH , 

Frr.c c-Leu-OH , Fmoc-Arg f Pmc ) -OH, Fmoc- I ie-OH and Fmoc-pAph- 
'Frroc'-CH 'racerric mixture; . The cleavage and isolation of 
the peptide were carried out as described in Example I. 
Beth dias tereomeric peptides were isolated by RP-HPLC and 
30 identified bv MS. \ f A - H '■ ' found 754.4. calc. 754.5. 




The peptide sequence was built on 0.25 g Fmoc- 
Arg ?rr.c } -Sas r m resin (3.5 nmoi NH /g resin; Bachem 
5 Bioscience) using the method described in Example I. After 
N-terminus Fmoc deprotect ion and acetyl at ion, the protected 
peptide was cleaved from the resin by reductive cleavage as 
a C-terminus al:ohcl (Mergler et al . , Peptides pp. 177-178 
(eds. Schneider and Eoerle; Leiden 1993), which is 
10 incorporated herein by reference). The peptide resin was 
shaken with a solution (if N a B H ; (4 eq) in 2 ml TH F : E tOH 
(6:1) for 2 4 hr . Folic wing the cleavage reaction, the 
resin was washed with 2 CM, then the cleavage solution and 
washes were combined and lyophilized. The lyophilized 
15 peptide was deprotected by treatment with TFA/water/ 
tnioancsoie (90:r:ro for 2 hr ana isolated Dy 
precipitation. HPLC purified peptide was analyzed by MS. 
( M + H ) * found 505.3 , caic. 505.3. 

EXAMPLE XIX 

2 0 Synthesis of Ac -Tyr-Chg-Arg-ol. acetate 

The protected peptide alcohol was prepared as 
described in Example XVIII. 10 mg crude material was 
dissolved in DCM/ACN and treated with acetic anhydride 
(2 mmol) in the presence ">f TEA (2.4 mine i ; for 20 min. The 
2 5 soluticn was filtered, evaporated and the peptide was 
d e pro tec ted as described ab o ve. HPLC purified peptide was 
analyzed cy MS. 'M ^ H." found 547.3, caic. 547.3. 




1 g "TENTAGEL 5" NH2 resin ( -J . 2 8 rrjnoi NFWg resin; 
F.app Polymer; Tuoingen Germany was functional! zed with 
5 SCAL linker as described in Example X and the following 
amino acids were coupled: Fmoc-Frc-OH; Fmoc-Leu-OH; 
Fmoc-Orn ( Bee > -OH and Fnooc-Chg-OK . The peptide resin Fmoc- 
Cng- jrn ( Boc ) -Leu-Pr c-SGAL-TG was treated with 50% T FA in 
DCM (1 wash for 1 mm, then 1 wash for 30 mm), washed 3x 
10 with DCM, neutralized with 5% DIEA in DCM (2 x 30 sec.) and 
2x with DOM . To the peptide resin was added a solution of 
1.5 g ethyl acetimidate hydrochloride (Aldrich) in 4 ml 1 : 1 
pyridine : DIEA and 3 ml DMF and the coupling was continued 
overnight at RT . 

15 The peptide resin, Fmoc-Chg-Orn { 0 ( NH ) CH-) -Leu- Pro- 

SOAL-TG, was deprotected with 20 ^ pioeridine in DMF for 12 
mi.n, washed 4x with DMF, 4x with DOM and Fmoc-?he (pNH- 
EOC)-OH was coupled using DIO/HOBt coupling in DMF. 
[■^protection of Fmcc and acetylati on with acetic 

20 anhydride : pyridine (1:1) for 20 mm gave the peptide resin, 
Ac - Phe ( pNH-BOO )-Chg-Orn(C(NH)CH ) -Leu-Pro-SCAL-TG . 
Feduction of the SOAL linker and cleavage of the peptide, 
followed by HPLC purification of the crude product gave the 
expeoted compound. ( M + H)* found 74 0.2, calc. 74 0.48. 

2 5 EXAMPLE XX 2 

Synthesis cf Ac- Phe ( pNH ) -Chg-Dap (K -C .H- N) -Leu-Pro-NH _ 

C . 5 :: SCAL-T3 i'0.32 mmol NH / g) was coupled with 
Fmoc-Pro-CiH, Fnoc-Leu -C-H , Fmoc - Dap f Bcc ; -Or. ana Fmcc-Chg-OH. 
The Boc groap. from the side chain was removed using 50^ TEA 

3 0 for 2 0 om ana t n e peptide resin was neutralized fc y was h 1 n g 
IT E A / DC M . The free amine a r o u c c f the side chain 
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was transformed :c the a irr.e t h y 1 ami d i n: urn grojp by treatment 
of the peptide resin with 0.3 M Py3ro?/NMI in 3MF for 
2 0 mm. Fmoc group deprotection with 50* piper idi ne/ DM F 
for c0 min resulted in exchange of the dimethyl amid inium by 
5 the piperidinium gr DUp m the side chain of Dap. The 
sequence was completed by coupling Fmoc- Phe ( Boc ) -OH and 
deprot ect ion of the Fmoc group. The peptide was acetylated 
an:i cleaved as described in Fxample X. HPLC purified 
peptide was analytea by MS. (M + H)* fcund 7 52.4, calo. 
10 7 52.4. 

EXAMPLE XXII 
Synthesis of Ac-pAph-Chg- PalMe ; 3 ) -NH : 

Racemic H-Phe ( pCN ) -OH was synthesized by the 
a re t ami domalona te method (Wagner et al . , DDR Patent No. 
15 155,354, issued July 21, 1962; reexamined November 9, 1986, 
which is incorporated herein by reference) . The racemic 
Ac-pAph-OH was synthesized by conversion of the cyano group 
by ammonolysis of the corresponding me thy 1 t hioimida t e 
(offered by reaction of the cyano group with hydrogen 
20 sulfide) and subsequent: methylat ion by Mel. 

1 g "TENTAGEL" resin (substitution = 0.21 mmol 
NH /g resin) and r'norr linker ■■ Ber na tow i c z et al . , Tetr . 
Lett . 30:4 645 (1 989), which is incorporated herein by 
reference) were used for synthesis of the peptide. The 

2 5 di peptide, Fmc<c-Chg-?ai-Knorr-TG, was assembled as 
described in Example I. 3 -pyr idyl alanine subsequently was 
methylated by 1 mi Mel m DCM overnight. After Fmoc 
depr :> tect ion , Ac-r.'Aph-CH was coupled using the DIC/HOBt 
method and the peptide was worked up as described in 

30 Example I. ■: M + H ; found; 550.3, calc. 55 0.2 1. 




Synthesis or Ac-. yr-Chg-pAph-leu-?rc-NH 

The tentapeptiue, Ac-Tyr iEut; -Chg-?he (pCJJ; - Leu- 
Pr3-Kr.:rr-Tj, was assembled on 0.4 g " TENT AGE L" 
5 ^ subs t i t ut i on = 0.2 mmol NH / q resin) as described m 
E >: a nop I e I . T h e resin w a s treated overnight in a closed 
syringe with 8 no I py r o dine / 1 r i e t hylami ne (75:25) saturated 
with H S . The resin-bound thioamide was me thylated using 
0.5 ml Mel m 8 ml acetone for 30 min at 50 C C, then washed 
10 with acetone and methanol . The me thyl thioimide was reacted 
with a mmo n i um acetate in methanol for 3 hr at 55 :J C to 
obtain the final compound, which was cleaved from the resin 
and purified as described above. (M + H found 7 61.4, 
caic. 760.43. 

1 5 EXAMF LE XXIV 

Synthesis of Ac-Phe(pCH - NH ■ -Chg-Ar g-Leu- Pr o-NH : 

Ac-DL-Phe (pCK ) - Shg-Arq -Leu- Prc-NH ■ (crude peptide) 
was synthesized on 1 g Riok resin (0.6 mmo 1 N H / g resin) as 

20 described in Example 1. 125 mg crude peptide was dissolved 
in 50 ml MeOH and 0.5 ml Raney Ni suspension (Aldrich) was 
added. The mixture of tne peptide and catalyst was 
hydrogenated at 35 psi for 4 hr at RT . The catalyst was 
filtered and the solution was evaporated to dryness. The 

25 resioue was lyophilizea from. 0.1 \ aqueous TEA containing 
3CV ACN . The dried crude product was purified by HPLC and 
analyzed by MS. 'IA + H}' found 7 41.4, caic. 741.7. 

EXAMPLE XXV 

Synthesis of Ac - Phe ( pC ! NO H ; NH ) -Chg-Arg-Leu-Pro-NH _ 
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1.5 ml MeCH, 2.^ ml pyridine and 0.5 ml TEA. The mixture 
was stirred for ^2 h r at R.T , then the solvent and volatile 
materials were evaporated in a vacu um . The peptide was 
pari fied by H P L C and analyze d by MS. ( M ^ H ) found 7 7 Q . 4 , 



EXAMPLE XXVI 
Synthesis of A1-A2-B compounds 

A1-A2-B compounds, i.e., Al-A2-(A3) r -B compounds 
in which rr. is 0, were prepared as outlined in shown in 

10 Figure 3. Briefly, coupling of racemic N-acetyl-4- 

cyanopheny lalanine with L - eye lohexyl glycine methyl ester, 
(H-Chg-OMe), yielded a mixture of two diastereomeric 
dipeptides, which were separated by chromatography. 
Racemic N -acetyl -4 -cyanopheny lalanine was partially 

15 resolved by forming the salt with L-cyciohexyi glycine 
methyl ester. The less soluble D,L-salt was crystallized 
readily and subsequent coupling afforded the Ac- f (pCN ) -Chg- 
OMe in substantially pure form. The "mother liquors" were 
enriched in the L,L-salt and coupling led to crude 

20 Ac-F (pCN) -Chg-OMe, which was further purified by 
chromatography over silica gel. These dipeptide esters 
were hydroiysed to the corresponding acids using lithium 
hydroxide in methanol /wa ter at RT . Both dipeptide acids 
were converted to the substituted amides by conventional 

25 coupling with the appropriate amines, RNH . The amines that 
were not commercially available were prepared using 
standard chemical methods. 

Conversion cf cyano groups to the corresponding 
a m i d l n e s was p e r f o r me d using standard chemical me thods, 
30 either via the thioamide and me thyi thi oimida te or by 
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corresponding amidoxime ' ixampie XXV) 



'he latter was obtained by reacting the nitrile with 



66 

r.ydroxy 1 amine . The examples described belcw Illustrate the 
prep a ration cf trie title c impounds by these sele:tei 
me th :ds . It is r e o o g n i z e d that o omp o u n d s of the invent! o n 
oan be prepared using various other methods and that the 
5 p r o cedures e xemp 1 1 f i e d h e re were s e 1 e c t e a for convenience. 

EXAMPLE XMVII 
Synthesis of Ac -pAph-Chg-NHCH - ( 4 -me t hy Ipy r ldm i urn ) 

Synthesis o f Ac-pAph-Chg-NHCH - { 4 - 

me thy lpyridmium) was accomplished by conversion of 
10 Ac-F (pCN) -Chg-NHCH - i 4-pyridyi; using the methods described 
m Example XXII. The final compound was purified by HPLC 
as described in Example 1. MS analysis: (M + H)* found 
4 93.3, calc. 4 93.29. 



The starting material was prepared as follows: 

15 a; Ac- D, L ! - F ( pCN ) , 2.32 g (10 mmol ) was 

diss lived in 7 5 ml ethane 1 by warming. L-cycl ohexylgl ycine 
methyl ester (1.75 g, 1 [ ~- mmoi ) was added and the mixture 
was stirred for 2 hr at FT. The precipitated crystals were 
filtered off and dried to yield 1.55 g D,L-salt. The 

20 filtrate was evaporated partially and diluted with etner. 
The separated crystals were collected and dried to leave 
2.1 g L,L-salt contaminated with D,L-salt. The crude 
L,L-salt was combined with 20 ml DMF, 0.71 g HOBt and 1.10 
g FCC. The mixture was stirred 24 hr at RT . The urea was 

25 filtered off and the filtrate was evaporated. The residue 
was dissolved in methylene chic-ride and the solution was 
washed with 1 N HCi and saturated aqueous sodium 
bicarbonate. The organi : layer w a s dried and e v a porated. 
The residue was :hr omatog raphe d over 60 g silica gel using 




b) A mixture of 1.93 g(5 mmol ) Ac- F ( pCN ) -Chg-OMe 
5 ( f r:m Example XXVII. a., above) , 100 ml methanol, 10 ml 

water and 0.75 g lithium hydroxide hydrate was stirred 
under nitrogen for 2 4 hr at RT . Following addition of 2 ml 
acetic acid, the solvents were evaporated and the residue 
was partitioned between methylene cnlori.de containing 20% 
10 isopropanol and 1 N HC1 . The organic layer was dried and 
evaporated and the residue was crystallized from methylene 
chloride/ether/hexane to leave 1.6 g of Ac- F ( pCN ) -Chg-OH as 
colorless crystals with mp 216-218 C C. 

c) A mixture of 150 mg (0.4 mmol) Ac-F(pCN) -Chg- 
15 OH (above), 65 mg (0.6 mmol: 4 -aminonethy ipyridine , 12 4 mg 

(0.6 rrmol) DCC, 60 mg (0.44 mmol) HOBt and 5 ml DMF was 
stirred for 20 hr at RT . The urea was removed by 
filtration and the filtrate was evaporated. The residue 
was slurried with methanol and the insoluble product was 
20 collected by filtration to leave 140 mg colorless Ac- 
F ( pCN ) -Chg-NHCH : ( 4 -pyridyl ) . An analytical sample was 
obtained by chromatography over silica gel using 
acetone : methylene chlor ide : methanol ■' 4 : 5 : 1 ) . The 
crystalline solid had mp > 250 ! 'C. 

2 5 EXAMPLE XXVIII 

Ac - f ( 4 - ami din o ) -Cng-NHCH - (4 -me t hylr yr idmium ) 

This compound was prepared by reacting 15C mg 
Ac- f ( pCN : -Chg-NHCH (4-pyridyl) 'see above) with hydrogen 
sulfide, then with methyl iodide and ammonium acetate. The 

3 0 product was isolated by HFL3 as a homogenous material MS 

analysis: (M - H;~ found 493.3, calc. 493.29. 



# 
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The starting material was prepare: as fellows: 



a. 1 A mixture of 2.3 g Ac-f pCN' , 

( L} -cyelohexylglycine methyl ester, 940 mq HOE t , 1.57 g DCC 
and 30 ml of DMF was stirred fir 2 days at RT . The urea 
5 was removed by filtration and the filtrate was evaporated. 
The residue was dissolved in methylene chloride and the 
solution was washed with 1 N HC1 and 10^ : aqueous sodium 
carbonate. The organic p'hase was dried and evaporated. 
Crystallization of the residue from methylene 
10 ohlor ide/ether /hexane gave 2.05 g colorless Ac-f(pCN)- 
Chg-OMe having a mp 181-183 °C . 



b) Hydrolysis of 1.93 g Ac- f ( pCN ) -Chg-OMe 
(above i with 0.75 g lithium hydroxide monohydrate in 100 ml 
methanol and 10 ml water was treated as described for the 
15 L,L- isomer in Example XXVII, above, crystallized from 
methylene chloride/ether, t>: produce 1.65 g Ac-f (pCN)- 
Chg-OH having a mp 180-1£2 C c . 



c) A mixture of 225 mg Ac- f ( pCN ) -Chg-OH (above), 
100 mg 4-aminomethylpyridine, 90 mg HOBt, 180 mg DCC and 
20 6 ml DMF was stirred over a weekend at RT . The urea was 
filtered off and the filtrate was evaporated. The residue 
was stirred with methanol and the solids were removed by 
filtration to leave 190 mg crystalline Ac- f ( pCN ) -Chg- 
NHCH (4-pyridyl) having a mp > 250 C C. 

2 5 EXAMPLE XXIX 

A c - p Ac* h - C h g - N H C H CH ( 3 - me t h y 1 p- y r i d i n i urn ] 

A mixture of 125 mg cf Ac- F ; pCN : -Chg-NHCH CH ( 3 - 
pyridyi ; , 2 ml DMS0, 13 ml pyridine and 5 ml t r i e t h y I ami ne 
was saturated with hydrogen sulfide w n i 1 e cooled in 
30 ice/water. After stirring in a sealed vial overnight at 
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RT , ::.e solvents were evaporated and the residue was 
:ollecied with ace tone /ether and dried to leave 125 mg of 
the t n i o a rr. i ie . This material was c omfc i n e d with 2 ml DM S O , 
5 ml acetone and 0.75 mLi methyl iodide and the mixture was 
5 stirred in a sealed vial overnight at RT . After dilution 
with toluene, the solvents were evaporated and the residue 
was stirred with ether. The ether was decanted, replaced 
by fresh ether and stirring v; a s ccntinued until the 
resinous material solidified, then the remaining ether was 
10 filtered off and the residue dried. 



The resulting residue was dissolved in 20 ml 
methanol and treated with 0.3 ml acetic acid and 0.4 g 
ammonium acetate. The mixture was heated to 5 5-60 "C for 
2.5 hr, then solvents were e vapor at ed . The residue was 
15 dissolved m water /ACN/TFA and lyophilized. The crude 
product was purified by HPLC . MS analysis: (M + H)* found 
5 07.3 , calc . 507.31. 



The starting material was obtained as follows. 
A mixture of 150 mg (0.4 mmol ) Ac- F ( pCN ) -Chg-OH , 120 mg 

20 (0.6 mmol) 2- ( 3-pyridy 1 ) ethy lamine di hydroch lor ide , 125 mg 
2CC, 60 mg HCBt, 0.5 mil di i sopropylet nyl amine and 10 ml DMF 
was stirred for 24 hr at F.T . After evaporation of the 
solvent, the residue was stirred with methanol and the 
insoluble product was collected by filtration and washed 

25 with methanol and ether to leave 110 mg of colorless 
crystals. Thr filtrate was evaporated and the residue was 
d i s s o 1 v e d in me thylene rhloride/ i sopropancl . This solution 
was washed with 10% aqueous sodium carbonate, dried and 
evaporatec. The residue was chr oma tog raphe d over 14 g 

30 siiioa gel using methylene oh 1 or i de : ace tone : me thanoi 
( 5 : 4 : 1 ; to yield 40 mg A c - F p Z V. -the- N H C H C H ; 3 - p y r i d y 1 ; 
h a v i n c a mo 2 6 5-2 65 C . 
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b ; 2 - i 3-pyr idyl ) et hylamme di hydrochloride was 
prepared as follows. A mixture of 1.3 g 

2 -pyridylacet oni t r i le , ap proximately 3 g Rar.ey nickel and 
3 J ml met h a ri o 1 o o n t a i n i n g 10^ a mmo n i a by volume was 
5 hydrogenated at: 35 psi for 20 hr using a Parr hydr ogena tor . 
The catalyst was filtered off over oelite and the filtrate 
was evaporated. The residue was dissolved in methylene 
chloride, dried with magnesium sulfate, filtered and 
evaporated. The product was converted to the 

10 dihydrochioride using hydrogen chloride in dioxane. 
Crystallization from methanol /ether gave 1.4 g colorless 
crystals having a mp 14 5-14 3 °C . 

EXAMPLE XXX 
Ac-pAph-Cha-NHCH : CH f 4 -me t hyipyr l d i n i urn) 

15 This compound was prepared using methods as 

described above by reacting Ac-F (pCN ) -Chg-NHCH-CH (A - 
pyridyij with hydrogen sulfide followed by methylation with 
methyl iodide and reaction with ammonium acetate. The 
crude product was purified by HPLC. MS analysis: (M + H)~ 

2 0 found 5 0 7.3, calc. 507.31. 

The starting material was obtained by coupling of 
Ac-F (pCN) -Chg-OH with 2 - ( 4-pyridyl ) ethylamme 

aihy drochlor ide as described in Example XXIX, above. 

2- (4-pyridyl) ethyl amine di hydro chic- ride prepared 
25 as described for 2 - ( 3 -pyr idy 1 ) e t hylami ne dihydrochioride 
(above) by hydrogenation of p yr idyl -4 -acetoni t r i le over 
r. a n e y nickel in the presence of a mmo n i a . The 
dihydrochioride had a mp 220 C c . 




This ccmpcund was prepared using similar methods 
as described above by treating Ac - F ; pCN ) - Oh g-NH 2H (4- 
5 cyanophenyi ) with hydrogen sulfide in DM SO, pyridine and 
t nethy I amine . The bis-thioam: de obtained was methylated 
with methyl iodide m DMSO/ acetone , then reacted with 
ammonium acetate as described above . The crude product was 
purified by HPLC. MS analysis: (M - H)* found 520.3, calc. 
10 5 2 0. 3 0 . 

The starting material was obtained as follows. 
A mixture of 7 5 mg (0.2 mmol of Ac- F ( pCN) -Chg-OH , 50 mg 
(0.3 mmol) ( 4 -cyanophenyi ) met hy I amine hydrochloride, 62 mg 
DOC , 30 mg HOBt, 0.2 mi DIEA and 2 ml DMF was stirred for 

15 24 hr at RT . After filtration, the solvent was evaporated 
and the residue was dissolved in methylene chloride 
containing 20 % of i sopropanol . The solution was washed 
with 1 N HC1 and 10^ aqueous sodium carbonate, then dried 
and evaporated. The residue was stirred with a small 

20 amount methanol /water and the separated solids were 
collected and dried to leave 80 mg Ac - F ( p-CN ) -Chg-NHCH ( 4 - 
cyanophenyi' . 

{ 4 -Cyanopheny i ; me thy 1 amine hydrochloride was 
prepared as follows. A mixture of 2 g (10 mmol; a-bromo-p- 

25 tolunit r lie , 2 g (10.8 mmol) potassium phthalimide and 
3 0 ml DMF was heated to reflux for 1 mm. After :c cling, 
the mixture was acidified with acetic acid and diluted with 
w a t e r to c r y s t a 1 1 i z e the product. T n e c r y stals were 
filtered, washed with water and dried to leave 2.2 4 g 

30 colorless K~ i 4 -cyanophenyi ) met hylphthal imi de having a mp 
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1.5 g X - ; 4 - c y anjp h e n y 1 ) methylphthalimide was 
suspended in 5 0 ml boiling rrerhan :i and treated with 1 ml 
hydrazine hydrate. A clear solution resulted after 5 min. 
The methanol was evaporated and the residue was treated 
5 with 2 11 H C 1 . The suspension was heated to boiling and 
then cooled on i:e. The solids were filtered off and the 
filtrat e was evaporated. The residue was dissolved in 
water. The solution was heated to boiling again, cooled 
and filtered. The filtrate was made alkaline with sodium 
10 hydroxide and extracted with methylene chloride containing 
isopropanol. The organic phase was dried and evaporated 
and the residue was converted to the hydrochloride salt, 
crystallized from i sopropanol /ether and yielded 0.43 g 
colorless crystals having a mp > 260 °C . 



15 ( 3-Cyanophenyl ) methylamine hydrochloride was 

prepared by reacting o-bromo-m- to lun i t r i le with potassium 
phthalimide tc yield N- ■' 3 -cya nopheny 1 ) me thylph thalimi de 
having a mp 147-148 °C . Reaction of this material with 
hydrazine hydrate and conversion to the hydrochloride as 

20 above gave ( 3-cyanopheny 1 ) methylamine having a 

mp 223-226 C C . 



EXAMPLE XXXI 1 
Ac-pAph-Chg-NHCK f 3 -amid inopheny 1 ) 



This compound was prepared using methods as 
25 described above . Ac-F(pCN) -Chg-NHCH- ( 3 - c yanopheny 1 ) was 
treated with hydrogen sulfide in DMSC, pyridine and 
t riethy lamme . The bis-thieamide obtained was methylated 
with methyl iodide in DMSO/ace t one , then reacted with 
ammonium acetate as described above. The crude product was 
30 purified by H?LC. MS analysis: (M - 5)' found 520.3, calc. 

C; o r\ r 
-J iL- \J . * 
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Toe starting material was obtained as foil dws . 
A mixture of 300 rog ■; 0 . 6 mmol; A:- F i p IX ■ -Co g-CH , 2 DO rrg 
(1.2 mmol; i 3-cyanophenyi '■■ met hy 1 ami ne hydrochloride, 250 mg 
DCC, 120 mg H03t, J. 8 ml DIEA and 10 ml IMF was stirred for 
5 24 hr at RT . After filtration, the solvent was evaporated 
and the residue was dissolved in a large volume of 
met h y 1 e n e o h .1 o r i d e cental n i n g 2 0 s * i s o t r o r anol . T h e 

solution was washed with 1 N HC1 and 10% aqueous sodium 
carbonate, 'dried and evaporated. The residue was stirred 
10 with isopropanol/ether and the separated solids were 
collected and dried to leave 4 00 mg Ac- F = pCN ) -Chg-NHCH f 3 - 
cyanophonyl ; . 



example: xxxi ii 

Ac -pAph- Chg-NHCH (Me ) ( 4 -methylpyr idiniurn ) 



15 A mixture of diastereomers ot the title compound 

was prepared by reacting a mixture of two- diastereomeric 
Ac-F (pCM i -Chg-NHCH (Me) (4-pyndyl; with hydrogen sulfide, 
then with Mel and ammonium acetate. The ciias tereomers were 
separated hy HPLC . MS analysis: (M -4- H ) found 007. 3, 

20 calc. 507.31. 



The starting material was prepared as follows . 
A mixture cf 150 mg (0.4 mumol' Ac- F ( pCN ) -Chg-OH , 120 mg 
(0.6 mmol) racemic 1 - ■ 4 -py r idy 1 ) ethylamine 

dihydrochloride, 125 mg DCC , 00 mg HOB t , 0 . 5 ml CIEA and 10 

25 ml cf DM F was stirred for 24 hr at RT . After filtration, 
the solvent was evaporated ana the residue was dissol v e d in 
a large volume of methylene chloride containing 2 0* 
i s o p r c p a n c 1 . The solution was- washed with 11* a g u e o u s 
sodium carbonate, dried and evaporated. The residue was 

3 0 stirred with i s op r o p a n o 1 / e t h e r and the separated solids 
were collected ana dried to leave 125 mg A c - F p C N ) - C h g - 
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Raceme 1 - ■■ 4 -pyri dyl ) ethyl amine di hydrochloride 
was prepared as follows. A mixture of 1 g 

4-acetyl pyridine-!] - oxide, 2 g Raney nickel and 30 ml 
methanol containing 2 0- ammonia (v/v) was hydrogenated for 
5 24 hr at 30 ps i . The catalyst was removed by filtration 
■.over celite and the filtrate was evaporated. The residue 
was dissolved in methylene chloride, filtered and 
evaporated. The residue was dissolved in isopropanol and 
treated with hydrogen chloride in ether. Tne precipitated 
10 crystals were collected and dried to produce 0.9 g material 
having a mp 198-200 ""'C. 

EXAMPLE XMXIV 
Synthesis of DI PA f m) pAph-Chg-Arg-Leu-Pro-NH : 

15 a. Synthesis of !J , N-Di isop ropyl amide of 

f p-cyanobenzyl : malomc acid ( DIPA fm) Phe tpCN) ) -OH 

The synthesis of 2- ( p-cyanobenzyl ) malonic acid 

was achieved by a modified procedure (see Pinori et al, 

V.S. Patent No. 5,061,911 (October, 1991), which is 

20 incorporated herein by reference) . To a solution of 3.8 g 
2 , 2 -d imet hyl - 1 , 3 -di oxane- 4 , 6-dicne ( Me Idrum ' s acid; 

Alarich) and 1.12 g NaCNE-H lAldrich- in 25 ml Z-MF was added 
2' . 3 g p-cyanobenzaidehy de fAldrich) and the mixture was 
stirred 1 hr at RT . To the reaction mixture was added 

25 4 02 ml water and the solution was cooled in an ice bath and 
the pH was adjusted to 3.8-4 by dropwise addition of 20k 
HCl aquecus solution. The white precipitate was collected 
in a centered glass Buchner funnel and washed with cold 
v; a t e r . T h e colie:te"j precipitate was dried in vacuo over 

30 CaZl for 24 hr . The KMP of the collected solid in CDC1. 
indicated the compound 2 , 2 -aime t hy 1 - 5 - (p-cyano) benzyl-1 , 3- 
a: oxane-4 , 6 -dicne (ZCBZ), which has a mp 135-142 C C and 
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Tc 1.5 ml di i s cp r op yl amine in 4 5 ml 2 CM was added 
3 ml N, 0-5is ■: trimethylsi lyl aeetamide ,5SA, and tine 
solution was refiuxed in a reaction flask equipped with a 
magnetic stirrer and a condenser guarded with a CaCl_ tube 
5 for 7 hr. After cooling the solution to RT, 0.8 g DCBD was 
added and the reaction mixture refiuxed for 3 hr (until 
completion of conversion to the product as indicated by 
TL3; . After cooling the reaction mixture, 5-8 mil 20% HC1 
aqueous solution was carefully added. After separation of 
10 the layers, the organic layer was washed with water, dried 
(MgSCt) and evaporated tc dryness to give a clean product 
that was used in the next step without further 
purification. The identification of the compounds was 
achieved by NMR in CDCL-. and MS. 

15 b . Synthesis of PI PA fm) pAph-Chg-Arg-Leu- Pro-NH 

Peptide resin DIPA (m) Phe (pCN) -Chg-Arg (PMC) -Leu- 
Pro-r ink was synthesized by the method described in Example 
I. The resulting peptide resin was treated with 

hydroxyl amine hydrochloride as described in Example XXV to 

20 give DIPA (m) Phe (pC (NOH) NH : ) -Chg-Arg ( PMC) -Leu-Pro-Rink. 

After cleavage of :he peptide from the resin and 
1 yophi 1 i zat ion , the crude product ii20 mg ) was dissolved in 
80 ml MeOH and 10 ml saturated solution of NH-. in MeOH . To 
the reaction mixture was added 0.25 ml. Raney nickel 

25 suspension (Aldrich) and the mixture hydrogenated at 4 5 psi 
for 24 hr. The catalyst was filtered and the solvent 
evaporated to dryness and the residue lyophiiized from. 1:1 
solution of 0.1% TFA aqueous solution and ACN . The cruae 
peptide was purified by H?LC ana the compound identified by 

30 MS. (M + H)* found 824.2, rale. 824.5. 
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■rcur.as wet: 



EXAMPLE XXXV 
cl t iple subs t i * 



mat were 



.zea ana icuna c o t e n 1 



factor Xa 



10 



15 



30 



35 



10 



14 



Ac--2-CF.Ezl)-Y-I-R-L-P-NH. 

A:- ;CH.CHCH : CH ( C H . ) C H ) - Y - 
I -R-L- P-NH : . ( : •;. ;." 

ch .c co-y-i -r-l-p-nh Y • ' / \ 

Ac-Y-Ghg-E-NH 

Nal ;2 ) -Cha-R-D (O-Allyl ) -NH 

y-Tle-?-Nle-P-NH. 

Pne ( pF) - I-R-L-P-NH 

Ac- ( D) Tic (OH) -I-R-L-P-NH . 



Found) 



— - ij — f — in n 



A' 

y 

A< 

A* 

A: 



:-Phe (oCONH : ) -Ghg-R- L- P-NH : 
■Cha-F -NH 

:-W-Chg-P-L-P-NH , ; 
:-Y - I-R-NH-CH (GH . ) - (CH- ) : -CH, 



Y-?gl-F-L-P-NH 

Ac-Y-Ghg-F.-I na-NH 

Ac-Tza-Ghq-F -NH 

Ac-Y- Jhg-F-Pip-NH 

Ac-Phe ( p NH ) -Chc-R-NH 

Ac- ■' Bzl ) G- - Cnx ) Giy- 

i 3 -guaniai n cp r Dpyl G-NH 

Ac- Y-Ghq-F.- : L. acetate 



5 i S 6 L 3 ^ 

5 ( ^ 3 6 . 5 ) 

4 ( 7 4 J. . 4 ) 

2 (518.2) 
4 (679.4) 
4 (660.4) 

3 (663.3) 

4 (714.4) 
4 (711.4) 



o o -J 



6 2 ' j 



40 



4 (755 

2 (4" 7 6 

3 (751 

3 (5 62 

2 (722 

4 (62^ 

3 ( 5 0 ? 

4 (62 ? 



4 ) 
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EXAMPLE XXXVI 

Cc^i^aiicns cf chemical changes that individually may 
n o t h a v e i mp r o v e d activit y ran i mp rove activity 

Inhibition of factor Xa activity was measured. 
5 However, any relevant measure of biological activity such 
as the effect of a YIF peptide of the invention on 
coagulation, in vivo potency, in vivo half-life, oral 
bioavailability, oral potency or half -life can be 
determined as a measure of the activity cf a peptide cf the 
10 invention. 

Many specific changes are depicted. As an 
example, two changes were combined to demonstrate that a 
further improvement of activity was obtained by combining 
changes, even where the original single changes did not 

15 significantly improve activity. Single chemical changes 
produced Ac- Y-I-R-L-F, wfrich had a Ki = 0.49 \iM and 
( iEu ) Y-I -R-L-E;, which had 'a Ki = 2.6 piM, compared to the 
i ^ parent compound, Y-I-R-L-P- (Ki = 5.3 uMf. Combining these 

two changes produced Ac- ■ iBu) Y-I-R-L-P-NH - , which had a 

20 Ki = 0.04 \iM . Thus, these results demonstrate that a 
peptide of the invention having a combination of two 
chemical changes can have substantially increased factor Xa 
inhibitory activity as compared to the corresponding single 
change analogs, even where one parent compound such as 

25 (iSu)Y-I-R-L-F-NH did not have a significantly i mp roved 
activity compared to the parent Y-I-R-L-P-NH . 

Table 3 exemplifies specific chemical 

modifications that resulted in compounds having Ki values 
between 10C uM and I pM for factor Xa inhibition. 
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:a::or X a Inhibitors h a v i 


ng a Ki < 


10C pM 






Structure 




MS * 


AA 


5 


( Z , 2-OrMe-Propyl ) Y- I -R-L-P-NH ■ . 




op: 


op: 




■. :-CF.-Bzl ) Y-I-R-L-P-NH : . : ' ; ■* 


< 


OK 


op: 




■ I-Et-nBu) Y-I-R-L-P-NH . ' / 




op: 


op: 




. 2-Me-Bzi ) Y-I-R-L-P-NH ' r , \" ' 




op: 


op: 




- J-Me-nBu ) Y- I -R-L-P-NH A 0\ / 




op: 


op: 


10 


> Z -Me- n Pent y I ) Y- 1 -R-L-P-NH A ? 




ok 


op: 




{ 3, 3-DiMe-nBu) Y-I-R-L-P-NH / ;t' , 




op: 


op: 




3-phenoxyproprionic-Y- Zhg-R-NH 




op: 


op: 




5-3z im- CO- Chg -R-L-P-NH 




op: 


op: 




5-Bzim-CO- K (pNH_ ) -Chg-R-L-P-NH_ 




op: 


op: 


15 


Y ' 3 , j-3r) - I- R-L-P-NH - , ' / ' V 


' "'7 


op: 


op: 




Y ( : , t- I ) - I -R-L-P-NH ' ) 




OK 


op: 




iChx-CH ) Y-I-R-L-P-NH^ , / ,Y 




op: 


op: 




( iBu .) Y-I-R-OH 




ok 


ok 




( iBu s Y-I-R-L-A-NH -Z] / /, Z' 




op: 


op: 


20 


i LBu ; Y-I-R-L-P-NH : - ' ' / A \ r 




op: 


op: 




(Me y-I-R-L-A-NH- 




ok 


ok 




( Me ' Y-I-R-L-A-NH ; , ~ '' / ' \ ~ ■ 




op: 


OP' 




(Me ■ y- I-P-L-P-NH; 




ok 


op: 




(Me Y-I-R-L-P-NH- , : " ■ / * ' ' -Z ' ' 




:k 


zy. 


25 


5-Hic-Chg-R-NH. 




op: 


OK 




A:- ( : , Z , 3 , *5-4H-3zl ■ Y ; SO.H } -I-R-L- 


P-NH , ' 


' "OK 


'IP' 




: 1 , 2 , 2 , b-4H-3zl Y-I-R-L-P-NH , 




* t ~~ Y 


■IK 




A:- ■:: , 3 - Pi Me -n Pent y I ) Y (SO.H; -I-R- 


L-P-NH. . 


■ OP' " * 


op: 
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Ar-Y- >, allc - 1 } -R-L-P-NH : \ ' . ■ 2 K OK 

5 Ac-Y-Cna-P -L-P-NH ( . '. , A \ OK OK. 

A c - Y - C h g - R - : J H O K OK. 

A:-V-Cng-F-:JH-CH CH -:i (CH.) , OK OK 

A:-V-:h3-F - :JH-5zI-4 -OMe OK OK. 

Ac-Y-Chg-R-:JH-CH -Chx OK OK 

10 Ac-Y-Ong-P-:JH-OH CH -N- f CH. ) . OK 3K 

Ac-Y-Cng-R-MH-CH CH^-0-CH3 OK OK 

Ac-Y-Chg-F -: JH-CH CH : -COOH OK OK 

Ac-Y-Chg-R-:JH-Chx OK OK 

A^-Y-Chg-R-:JH-CH (2- (' 1-Et ) py r r ol idi ny 1 ) OK OK 

15 Ac-Y-Chg-F - :JH-OH^ (2- ( 6 - E t O ) benzylthiazolyl ) OK. OK 

A-- Y-Chg-F - Lj- P-NH; , , OK OK 

Ac-Y-Cng-F CIO ) - { } ¥ ( C H _ N H ) } -L-NH OK. OK. 

Ac-Y-Nva-F-:JH : OK OK 

Ac-Y-Fen (Me; -P-L-P-NH; . ■ • OK OK 

20 Ac-Y-Pgl-F- Y-P-NH :: ( i - A ' '■ OK OK 

Ac-Y- OF ( CH : K f Ac) ) } - I -R-L-P-NH : ( : '< / ' • ' - OK ok 

Ac-V-(? (CH : L'H) ) - I-R-L-F - N H , /' r . OP' OF: 

Ac-Y-I-F- ' COCH .) } -G-P-NH , /■ , / OK OK 

Ar-Y-I-Pat (M -OH- N) -L-A-NH t ~\ / A A \ 2K jK 

25 A--Y-I-hR-L-A-NH , : [ , 2 2 2 K 2K 

A-r-Y-I-nR-L-A-NH , 2 2 / ■' Y - A OK OK 

Ac-Y-I-FalM* ( 3 ) -NH OK 2K 

A ::- Y- 1 - F - a 2Me 3 ) -L- P-NH ; . 

3 0 A—y-I-F.-NH IK OK 

a--y-:-f.-nh :p: 2K 

A--Y-:-R-:;H-3H; - 4-?yriay2 22: 22' 
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EXAMPLE XXXVII 

In vitro inhibition of selected purified coagulation 
enzymes and other serine proteases 

The ability of a compound of the invention to 
5 inhibit factor Xa, thrombin, plasmin, eiastase and trypsin 
was assessed by determining the concentration of YIR 
peptide that inhibits enzyme activity by 50% (Id ). 
Purified enzymes were used in chromogenic assays. To 
determine the inhibition constant, the IC= : . value was 
10 corrected for competition with substrate using the formula: 
Ki = IC, : X (1/{1 + ((substrate concentration)/ 
substrate Km ) } ) 
(Chen and Prusoff, Biochem. Pharmacol . 22:3099-3018 (1973), 
which is incorporated herein by reference) . 

15 a. Factor Xa assay 

TBS-P buffer (50 mM Tris-Cl, pH 7.8, 200 mM NaCl, 
0.05% fw/v) PEG-8000, 0.02% (w/v) N a N : . ) was used for this 
assay. The IC, : was determined by combining in appropriate 
wells of a Costar half-area microtiter plate 25 ]il human 

20 factor Xa (Enzyme Research Laboratories, Inc.; South Bend 
IN) in TBS-P; 40 ul 10% (v/v) DMSO in TBS-P (uninhibited 
control) or various concentrations of a peptide to be 
tested diluted in 10% (v/v,« DMSO in TBS-P; and substrate 
S - 2 7 6 5 (Na- benzyl ox y car bonyl-D-Arg-Gly-L-Arg- 

2 5 p-ni t roani li de ; Kabi Pharmacia, Inc.; Franklin OH) in 
TBS - E . 

The assays were performed by pre-incubating the 
peptide inhibitor plus enz yme for 10 m i n , then the assay 
was initiated by adding substrate to obtain a final volume 
30 cf 100 ul . The initial velocity of chromogenic substrate 
hydrolysis was measured by the change in absorbance at 405 




:ourse * usually 1-5 mm after addition of substrate) . The 
concentration of inhibitor that caused a i'0% decrease in 
5 tne rate of substrate hydrolysis was predicted by linear 
reoressi:n after plotting the relative rates of hydrolysis 
(compared to the uninhibited control) versus the log of the 
peptide concentration. The enzyme concentration was 0.5 nM 
and substrate concentration was 140 \iM . 

1 0 b. Thrombin assay 

TBS - P buffer was used for this assay. The Id 
was determined as described in Example XXXVII. a., except 
that the substrate was S-2366 ( L- Pyr oGlu-L- Pro-L -Ar g- 
p-ni t ream 1 i de ; p;abi 1 and the enzyme was human thrombin 
15 (Enzyme Fesearch Laboratories, Inc.; South Bend IN) . The 
enzyme concentration was 1 nM and substrate concentration 
was 175 p M . 



c. Plasmin assay 

TBS-P buffer was used fcr this assay. The IC 
20 was determined as described in Example XXXVI I. a., except 
that the substrate was 5-2251 ( ( D) - Val-L-Leu-L-Lys- 
p - ni t r oani 1 i de ; Kabi 1 and the enzyme was human plasmin 
(Kabi.; . The enzyme concentration was 5 nM and the 
substrate concentration was 300 uM . 

2 5 d. Trypsin assay 

C a Z 1 2 was used for 
vas determined as 




• 
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described in Ex a mp 1 e XXXVII . a . , except :r.at the substrate 
was 3APNA i Benz oyl -L-Arg-p-ni t roam I ide ; Sigma Shemical 
I:'.; St. L c u i s MO' and the enz y me was ccvme pancreatic 
trypsin '.Type XIII, T P C K treated; S i grr.a ; . The enz yme 
5 conrentration was 5 0 nM and the substrate concentration was 
100 |jM. 



. diastase assay 



Tris-Cl f pH 7.4, 30C mM NaCl, 2% (v/v) 
N-methyl-pyrrolidone, G.01% (w/v) NaN3 buffer was used for 

10 this assay. The IC, was determined as described in Example 
XXXVII. a., except that the substrate was succinyl-Ala- 
Al a-Ala-p-ni troanil ide ( Calbiochem-Nova Biochem Corp.; San 
Diego CA) and the enzyme was human neutrophil elastase 
■Athens Research and Technology, Inc.; Athens GA) . The 

15 enzyme concentration was 75 riM and the substrate 
concentration was 60 0 pM . 

The Pvi values for selected test compounds 
compared to the control compound "TENSTOP" 

(' N- alpha -tosyl-Gl y-p-amidinophenyl alanine methyl ester; 

20 American Diagnostic^, Inc.; Greenwich CT), which is a 
reversible facte r Xa inhibitor (Sturzebecher et al . , 
Thromb. Pes. 54:245-252 (1989); Hauptmann et al., Thromb . 
Haem . 63:220-223 (1990), each of which is incorporated 
herein by reference) are shown in Table 2, above. The 

25 results demonstrate that the YIR peptides of the invention 
can inhibit factor Xa activity but do not substantially 
inhibit the activity of various other serine proteases, 
including thrombin and plasmm, which are involved in the 
process of bleed coagulation and fibrinolysis. 
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EXAMPLE XXXVIII 
Assays for determining inhibition of coagulation 

The compounds of the invention were assessed for 
their ability to inhibit factor Xa activity. Effectiveness 
5 of various compounds was assessed by the in vitro 
prothrombin time ( PT ) assay using pooled human donor 
plasma. An ex vivo assay also was used in which plasma was 
collected at various times after intravenous (iv) 
administration of a compound to rats and to rabbits or 

10 int raduodenal administration to rats and analyzed using the 
PT assay to determine plasma half-life. The PT assay was 
initiated with a thromboplastin dilution selected to obtain 
an extended and highly reproducible coagulation endpoint, 
referred to as the "dilute PT assay" as described below. 

15 Effectiveness of various compounds also was determined 
using an in vivo rat arteriovenous shunt model of 
thrombosis . 

a. In Vitro Dilute Prothrombin Time Assay 

100 ul prewarmed (37 °C) pooled human platelet 
20 poor plasma (PPP) was added to a fibrometer cup (Baxter 
Diagnostics . , Inc.; McGaw Park IL. 50 ul of various 
concentrations of a test compound in TES-BSA with calcium 
(50 mM Tris-Cl, 100 mM NaCl, 0.1% (w/v) bovine serum 
albumin, 20 mM CaCl ; was added. In control experiments, 
25 TBS-3SA with calcium but without test compound was added 
for measurement of uninhibited coagulation time. 150 ul 
diluted prewamed rabbit thromboplastin 'Baxter; with 
calcium was added to the fibrometer cup and the fibrometer 
timer is started. A rabbit thromboplastin dilution curve 
30 was obtained prior to testing the compound and is used to 
choose a thromboplastin dilution that allows approximately 
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ccr.cer.^rarion giving 5 0 - inhibiticr. of coagulation .EC. 
witn test compound (see Table 4, below) was calculated from 
the dilution ourve times. 

Alternatively, the dilute prothrombin time assay 
5 was conducted using the "research" mode on an 
Instrumentation Laboratories (IL) ACL3 0 0 0-p lus automated 
coagulation instrument (IL; Milan, Italy) . Thromboplastin 
was diluted until a clotting time of 3C-35 seconds was 
achieved. This clotting time was taken as 100% activity. 

10 A standard curve for calibration was established by serial 
2-fold dilution of the diluted thromboplastin reagent 
(rabbit brain IL-brand thromboplastin) . During the assay, 
a 50 ul sample (plasma separated by cent r i f ugat ion ) was 
mixed with 100 ul thromboplastin reagent and nephelometric 

15 readings were taken over 169 sec. Coagulation time was 
determined from the maximal rate of change of light scatter 
calculated by the instrument. Inhibition is expressed as 
percent activity as determined by comparison with the 
calibration curve. 

2 0 b. Ex Vivo Dilute Prothrombin Time Assay 

Test compound was administered iv either through 
the tail vein (rat) or ear vein (rabbit) following an 
approved protocol . (One ml blood samples were removed at 
timed intervals after administration of a test compound 
2 5 from a cannula ted carotid artery (rat; or auricular artery 
(rabbit) . After cent r i f ugation to obtain PPP, the plasma 
was i mined lately stored on ice or frozen. 

For dilute prothrombin time determination, the 
plasma was prewarmed and assayed as described above. 
30 Percent inhibition was calculated from a thromboplastin 
dilution curve, which was run with each series of samples, 
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ani used :c determine the time at which approximately 50% 
Df the initial anticoagulant activity remains in the pla s ma 
;Tl/2; . The results of this experiment demonstrate that 
the YIR peptides of the invention can inhibit blood 
5 coagulation in in vitro and after administration in vivo 
i see Table 4 ) . 



Table 4 

Activities and half-lives of selected inhibitors 
10 

ECr T- 

Pooled Human Rat Rabbit 

Structure in vitro ex vivo ex vivo 



15 Ac-Y-Chg-R-NH : 2.5 [iM 5 mm 5 min 

Ac-Y-Chg-R-L-P-NH : 225 nM 5 min 5 min 

Ac-Nal (2 ) -Chg-R-L-P-NH 140 nM 6 min 5 min 

Tfa- (iBu) Y-Chg-R-L-P-NH- 300 nM 15 min 10 min 



20 Various compounds also were examined for 

anticoagulant activity using the ex vivo dilute 
prothrombin time assay following iv bolus administration 
of various doses in rats. The compounds listed in Table 
5 demonstrated at least 30% inhibition 10 min after 

25 administration of < 2 mg/kg of the indicated compound. 

These results demonstrate that various representative YIR 
peptides of the invention have substantial anticoagulant 
activity. The structures of all of the compounds listed 
in Table 5 were confirmed by MS and AA . 
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TABLE 5 



10 



Ac-pAph-Chg-PaiMe { 3 ; -NH-CH -Chx 
Az-p Aph-Chg-PalMe i 3 ) -I3H-2CMT 
Ac-p Aph-Chg-EalMe i 2 ) -NH-Chx 
A:-F ( p N H ) -Chg-Izab (N'-C.NH ) L-P-NH 
Bz-F (pNH ) -Chg-F-L-P-NH 
Tos-F (pNH ) -Chg-P -L-P-NH. 
A:-Y f 3-1 } -Chg-P -L-P-NH 
Az-pAph-Chg-AME ( 4 ) 
y-Chg-R-L-NH : 
Az-F (pNH : ) -Chg-F-ol 

Cyclopentyl-CO-pAph-Chg-PalMe (3 ) -NH 
3-Iqc-pAph-Chg-FalMe ( 3 ) -NH 
Bzf -pAph-Chg-PalMe ( 3 :■ -NH-- 
3-Igc-F (pNH - ) -Chg-P- L-P-NH 
Az-F (pNH-) -Chg-F-Tr.iaz : lyl 
L-Furoyi-pAph-Chg-PalMe ( 3 ) -NH : 
^-Me-thienyl-CO-pAph-Chg-PalMe ( 3 ) -NH 
Ac-Nal ( 2 ) -Chq-R-Thiazolyl 
2-Bzf-r (pNH ) -Chg-P-L-P-NH 
Ac-pAph-Chg-E-ab (N'-C-.NH ■ -L-P-NH : 
Az- Qrn-Nal f 2 ) -Chg- 



■Paiy.e f 3 ) -Sar-E -NH 



Az-Ene ■' 3-1, 4-NH ) - C h g - F - L - P - N H : 
Az- ( iEu ) pAph-Chg-R- L-P-NH 
A-z-pAph -Chg-P -Gla-P-NH 
Az-pAph-Chg-F-Een (CH .COOH) -P-NH- 
Az-pAph -Chg-P -L-P-NH 
Az-F (pNH ) -Ch g-F - f Me } L-P-NH 



■ r- M 



Ih z - 'I 1 r r. ( N * - C H N 1 
;ha-R-L-?-NH 
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Ac-pAph-Chg-?alMe .3 -NH 

Ac-pAph-Chg-?aiMe : , 3 -L-P-NH 

Ac-p-Aph-Ch-g-F.-NH_ 

Ac-pAph-Chg-F-OH 

Ac-Y-Chg-P-NH-Nip-NH 

Ac- K-Nal fl) -Chg-E-Hyp-E -NH : 

D I PA-pAph-Chg-R- L-P-NH 

DIPA-mF (pNH ) -Chq-R-L- P-NH 

I sn-F (pNH ) -Chg-R-L-P-NH- 

Pza-F (pNH ) -Chg-R-L-P-NH : 

Tfa - (iBu) F(pNH-) -Chg-R-L-P-NH : 

Tf a - ( iBu) V-Chg-R-L-P-NH : 

Tfa- ( lEu) Y-I-Orn ( N ? -C : ,H-N ) -L-P-NH : 



15 * - underlining indicates cyclic portion of compound. 

In some experiments, the test compounds were 
administered to rats using an int r a duodenal dosing 
protocol. Male Sprague- Dawley rats weighing 
approximately 300 g were anesthetized with a combination 

20 of ketamine/xylazine, subcu taneously , following an 
approved protocol- The right carotid artery was 
cannulated for blood sampling. A laparotomy was 
performed and duodenum was cannulated witn a ball-tip 
needle and tied into place to ensure that the suture was 

25 distal to the point of insertion. An additional tie was 
placed proximal to the insertion point to prevent leakage 
of gastric contents. The effectiveness of the suture in 
preventing 3 compounc from reaching the site of insertion 
was tested by pressure testing at the conclusion of each 

3 0 e x p e r i me n t . The point of insertion was approximately 4 
cm from the duodenal-gastric junction. Compounds were 
administered in 1 ml normal saline. A 0.7 ml bioo>d 
sample was drawn prior to administration c>f the test 
compound and at 15, 3 C , 60, 90 and 120 mm after 
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administration. Plasma was separated by cen t r i f uga t i on 
and assayed for inhibition of ooagulation ismg the 
a i lute prothrombin time assay. 

Trie following oompounas showed at least 30% 
5 inhibition m tne dilute prothrombin time assay following 
i n t r a duodena 1 administration of < 50 mg/kg compound: 
Ao-pAph-Cng-PalMe { 3 ) -NH-CH -Chx; Ac-pAph-Chg- PalMe ( 3 ) -NH- 
Chx; Bzf -pAph-Chg-PalMe ( 3) - NH ; Ac-F t pNH : ) -Chg -R-L- P-NH ; 
Ao-pAph-Chg-PalMe ( 3) -L-P-NH ; Ac-pAph-Chg-PalMe (3) - N H : ; 
10 Ac-Aph-Chg-AMP (4 ) ; Cyc 1 open t y 1 -CO-pAph -Chg - Pa lMe (3) -NH : ; 
3-Iqc-pAph-Chg-PalMe ( 3 ) -NH ; 2 - Fur oy 1 -pAph-Chg- 
PalMe (3) -NH ; 5-Me-thienyl-CO-pAph-Chg-PalMe (3) -NH :/ Ac- 
Y (3-1 ) -Chg-F:-L-P-NH : , Ac-F(pNH : ) -Chg-R-ol and Ac-pAph-Chg- 
PalMe ( 3 ) -ol . 

1 5 c. P. at Arteriovenous Shunt Model of Thromoosis 

The anti-thrombotic efficacy of various 
compounds of the invention was assessed using rat 
extracorporeal arteriovenous (AV) shunt. The AV shunt 
circuit consisted of a 20 cm length of po< 1 ye t hyl ene (PE) 

20 60 tubing inserted into the right carotid artery, a 6 cm 
length of PE 160 tubing containing a 6.5 cm length of 
mercerized cotton thread (5 cm exposed to- blood flow) , 
and a second length of PE 60 tubing (20 cm) completing 
tne circuit into the left jugular vein. The entire 

25 circuit was filled with normal saline prior to insertion. 

Test compounds were administered by continuous 
infusion into the tail vein using a syringe r ump- and 
butterfly catheter (infusion volume 1.02 ml/hr! . A 
compound was administered for 3 0 min, then the shunt was 
30 opened and blood was allowed to flow for a period of 15 

mm 'total c>f 4 5 min infusion; . At the end of the 15 min 
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:er:ca, tne snun: was :.a:ipea a: 
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;ne 



emcveu and weicneu en an ar.a." 



r'ercen: :nnic:t: :n o. :r.r^ 
using the tnrc-mous we: 
5 which were infused witn saline. 



l a was 

c a 1 balance, 
is calculated 
::rol rats , 



The fallowing comr ounds inhibited thrombus 
urowtn by at least about : C : : following an infusion of 
< 33 ug/ kg/mm: Ac-pAph-Chg - PalMe (3) -NH-CH -Chx ; Ac-pAph- 
Chg-PalMe ( 3 ) -NH-Chx; 3z f -pAph-Chg-PalMe ( 3 ) -NH ; Ac-pAph- 
10 Chg-PalX* ( 3 } - L-P-NH, ; A ir-pAph-Chg- PalMe ( 3 ) -NH ; Ac-pAph- 
Chg-AM? ( 4 ) ; C yc 1 open t y 1 -CO-pAph- Chg- Pa IMe ( 3 ) -NH ; 3-Iqc- 
pAph-Chg-PalMe ( 3 ) -NH ; 2- Furoyl-pAph-Chg-PalMe ( 3 ) ~NH : ; 
:.-Me- thienyl-CO-pAph-Chg-?alMe ( 3 ) -NH - , Ac-pAph-Chg- 
PalMe ( 3) -ol and Tos-F (pNH ) - Chg-R-L- P-NH . 



15 



EXAM: 



::-::< ix 



Additional 



:or Xa Inhibitors 



The following compounds in Table o are Factor Xa 
Inhibitors with Ki < IQOuM. The compounds listed in 
Table 6 were confirmed by MS and AA . 



20 
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TABLE 6 

C F~C 13 ) - ' iBu ) Phe ■ NH- ) -Chg-Arg-Leu- Pre -NH : 
Ac-pAph-Chg-Arg-Pen (ChUCOOH) -Pro-NH : 
Ac-pAph- Ile-Arg-leu-Pro-NH : 
Ac-pAph-Chg-Dab f CH = N (CH,) : ) -Leu-Pro-NH : 
Cr 3 : ;0) - (iBu) Mai (2 ) -Chg -Ar g-Leu- Pr o-NH : 
Ac-Fhe (31, 4NH :: ) -Chg-Ar g -Leu- Pr o-NH : 
c. r - ^ ■_ ; - i y r- -^rig-^.r g-^eu - ^ r o-Ln ; t > » 

5 - b e n z i rri i d a z oy 1 -Phe ( N H : ) - C h g - A r g - L e u - ? r 
1: vl ' O. - ' i B u } T y r - 1 1 e - A r g - L e u - ? r o - N H - t / \ 



30 
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Ac- - rc-Chg-Arg-Leu 



Arq- Pen- Pro 



5 1 6 

ie 
i 1 

2 0 

10 ::l 



2 5 

15 2 6 

2 r* 

3 C 

2 0 3 1 

3 ^ 

"? * 

2 5 3 -o 

1 "i 

3 0 4 1 

1 - 

3 5 4 6 



I 2-h enzof uroyl ) -pAph-Chg-Pal ( 3 ) Me-Pen (CH : C00H) -Pro-NH : 
Ac-pAph-Chg-Arg-Cys (CHyCOOH) -Pro-NH : 
(Alloc ) -pAph-Chg-Arg-Leu-Pro-NH : 

( 2-benzof uroy 1 ) -pAph-Chg-Arg-Pen (CH-COOH) -Pro-NH : 
Ac-pAph-Chg-Pal ( 3) Me -Pen ;CH : COOH) -Prc-NH : 
Ac-pAph-Chg-Arg-Leu-Fro-NH 2 
pAph-Chg-Ar g- Leu-Pr :--NH - : 
Ac-pAph-Chg-Arg- ;HOOC-CH : .) Gly-Pro-NH : 
Ao-pAph-Chg-Arg ( HOOC - CH :: -CH : ; Gly-Pro-NH 2 
Ac-pAph-Chg-Arg-Gl a- Pr c-:iH 2 
Ac-pAph-Chg-Arg-Cys (CH : -COOH) -Pro-NH : 
Ac- Pal (4 ) Me-Chg-Arg-Leu-Pro-NH :: 
Ac- ( iBu) Nal ( 2 ) -Chg-Ar g-Leu-Pro-NH 2 
Ac-Fhe (p-C0NH 2 ; -Chg-Ar g-Leu- Pro-NH : 

Ac-pAph -Chg-Ar g-N [ I i 1 , 3-dicarboxy) propyl ) ]Gly-Pro-NH 2 
Ac-pAph-Chg-Dap (CH=M (CH 3 ) 2 ) -Leu-Pro-KH 2 
( 2 -qui no 1 inoyl ) -Phe f N H 2 } -Chg-Arg-Leu-Pro-NH 2 
Ac-pAph-Chg-Arg-N f ca rboxymethyl : Gly-Pro-NH 2 
Ac-pAph-Chg-Arg- ( car box ye thy 1 ) Gly-Pro-NH 2 
Ac-mAph-Chg-Arg-Leu-Pro-NH 2 

Alloc-pAph-Chg-Pal ( 3 } Me-Pen (CH :: COOH) -Pro-NH 2 

Ac-pAph-Chg-Arg-TJ [ 1 ( 1 , 3-dicarboxy ) propyl ) ] Gly-Pro-NH 2 

Ac-pAph- I le-Arg-Leu-Pro-NH 2 

Ar-Phe (pNH : ) -Chg-Arg- (Me) Leu-Pro-KH 2 

Ac- i Chx-CH ; ; Tyr-Chg-Arg-Leu-Pro-NH : . 

( 3-pyridoyl ) - Phe (pNH -. = -Chg-Arg- Leu- Pro-NH 2 

( 3-pyri c:yl } -Nal (1) -3n g-Arg-Leu-Pro-NH : _ 
Ar-Pal ( 4 ) Me-Ch g-Pa 1 ; 4 ) Me-Leu-Pro-NH 2 
Alio z -pAph- Zr. g -Ar g - Leu - Pr o-NH : 

(4-i soqui nol i noyi ) - Phe ( pNH : ) -Chg-Ar g-Leu- Pro-NH 2 
A. c — c At' h - C h a — ? a 1 ' 3 ) Me— (Me) L e u — P r o — N H - 
Ac-pAph- Thg-Pai : 3 1 Me - Leu - Pr c -NH : 

( 2-naphythl -CH 2 j Phe pNH 2 ) -Chg-Ar g -Leu - P ro-NH : 
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-:_na-^r a - _eu - r r c 




46 
4 9 

3 J 

5 3 : 



10 5 6 
5 7 
5 6 

5 ? 

6 0 

15 61 



-4 

2 0 65 

6 6 

r, C 

6 o 

6 9 

2 5 7 0 
71 

7 2 

30 ^4 



; 1 -py r i dor. y I ) r'he ipNH^l Chg-Arg-Leu-?ro-NH : 
; Ben z C'V I ) - r'he ( p\ T H 2 ) -Chg -Ar g - Leu - Pr o-Nrb 
Ac-pAph-Chg-Pal ( 3) Me-Leu- Pro-NH : 

A.7- ( 2-nethyper.t yl ) Tyr-I le-Arg-Leu-Pro-NH : ( : ' 1 ' ; 

Ac- i LBu) Phe (pCN) -Chg-Arg-Leu-Pro-NH : 

A:- <: 2-methybutyl ; Ty r- I le-A r g-Leu- Pro-NH 2 j i ' ; V 

Ac-Phe (pNH 2 ) -Chg-Arg-Leu-Pro-NH- 

Ac-Phe (p>NH 2 ) -Chg-Arg-Leu-Hyp-NH : 

Ac-Tyr-Chg-Arg-Leu-Pro-NH 2 

< 2-naphthy 1 sulfonyl ) -Phe (pNH : ) -Chg-Arg-Leu-Pro-NH 
( 2 -met hylbenzyl ) -Phe (pNH 2 ) -Chg-Arg-Leu-Pro-NH : 
(2-benzofuroyl) -Phe (pNH 2 ) -Chg-Dab (CH=N (CH 3 ) 2 ) 
-Leu-Pro-NH- 



Ac- ( cycl oper.tenyi -CH 2 ) Tyr-Ile-Arg-Leu-Pro-NH 2 , 

Ac- Pal ( 4 ) Me-Chg-Pal ( 3 ) Me-Leu-Pr o-NH 2 

Ac- f iEu) -Phe (pNH 2 ) -Chg-Arg-Leu- Pro-NH : 

Ac- (Chx-CH 2 ) -Tyr-IIe-Arg-Leu-Pro-NK 2 

Ac-pAph-Chg-Arg-Leu-NHo 

Ac -pAph- Chg-Arg-Leu -OH 

(2-benzofuroyl) -pAph-Chg-Pal ( 3) Me-NH 2 
Ac- ( IBu ) Phe (pNH 2 ) -Chg- Arg-NH : 
ALloc-pAph-Chg-Pal ( 3 } Me-NH 2 

( 2-quinol inoyl ) -pAph-Chg- Pa 1 ( 3 ) Me-NH 2 
Ac-pAph-Chg-Pal ( 3 ) Me-NH ( 1 -me t hoxyca rbonyl ) 

- 1 -c yclohex yl 
A i:-p Aph-Chg-Ara 

.'2-t yr idoyl ; -pAph-Cr.g-Pal ( 3 } Me-KH : 
3 3,:: 0 • - i3c Pne ■ p^H ., -Chg-Arg-NH 2 
Ac-pAph-Chg-Pal 1 3 ) Me-NH- { 1 -me the xyca rbonyl } 



Ac -oAch -Ch o - Pa 1 ■' 3 ' Me-NH- 
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Ar-pAph- 3hg-F al f 3 ; Me-NH- { 3 - thieny 1 -2 

-carboxylic a c id methyl ester) 
A:-p Ap h-Cha-Ar g-NH ;: 
r j . CF 3 C (C- - ■; iBu) Tyr-Chg-Arg-OH 
5 SI. Az-pAph-3hg-Fal ( 5 ) Me-NH- { 4 -me t h oxy ca rb ony 1 
-ryclohexyl : methyl 
5 2 . Ac-pAph-Chg-Pal ( 3 ) Me-IIH : 
-5 . Ac-pAph-?gl-F-al ( 3 ) Me-NH : 
54. A:-f Aph- 2hg-Pal ( 3 ) ■. CH : COOH ) -NH : 
10 : ::>. (3-guin) -pAph -Chg- Pa 1 [ 3) Me-NH- 

;r n . Ac-pAph-Chg-Pal ( 3) Me-NH- ( 4 -carboxycycl ohexyl ) 
me t hy 1 

5 ~ . Ac-pAph-Chg-NH [ 4 - ( 1 -me thy 1 -pyridinium) methyl ] 
66. ( 2-f uroyl ) -pAph-Chg-NH- ( 4 - t rime thy 1 -ammoni um benzyl) 
15 5 9. (3, 4-dichlorobenzoy 1 ) -pAph-Chg-NH- { 4-t rimethyl 

- ammo n i um benzyl; 1 

9 0 . (2-thienyiacetyi ; - p Ap h - C h g - N H - ( 4 - 1 r i me t h y 1 
- ammo n i um benzyl ; 
. (N- ( 5 -me thyl -2 - 1 h ierioyl ) -pAph-Chg-NH- (4-trimethyl- 
20 ammonium benzyl > 

92 . Ac-pAph-Chg-KH- (4-t rime thy 1 -ammoni um benzyl ) 
93 . ( Ethoxyca rbonyl ) -pAp»h-Chg-NH- ( 4 -trimethyl 

-ammonium benzyl; 
94 . ( 2- f iuorobenzoyl ! -pAph-Chg-NH- ( 4 -trimethyl 

2 5 -ammonium benzyl) 

9 5 . Ac-pAph-Chg-NH- ( 4 -amid moben z yl ) 

?r . Alloc-p Aph-Chg-KH- [ 4 - : -methy Ipyr idini um ) -methyl 1 
?~ . (i-Eutcxycarbonyl ) -pAph-Chg-NH- { 4-trimethyl 
-ammonium benzyl- 

3 0 9 5 . (2-f uroyl ) -pAph-Chg-NH - 1 - ■ 3 ( li-met hy lpy r idy 1 ) ] 

- 1 - ( it. e t h y 1 a c e t a t e ) e t n y 1 

9 9 . Ac-p Aph-Chg-NH-1- [ 3 f N-me thy Ipyr idyl ) ] 

-1- ''rrethylacetate ; ethyl 
1 L C . Ac-cAph- 3hg-NH- [ 1 - ■ 1 -me thy 1 - 4 -py r i d i n i um , ethyl 
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:ydroxy 
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e t h y 1 - 4 - p y r i a i n : 



U ; 





3 r 




0 / — \ 1. 3 U ~ 


-Tyr- 


Ile-Arg-NH 2 




1 ^ . 


r\ ~Z 


-P 


-pAph-Chg 


-Arg- 


Leu-Pro-NH 2 




1 0 5 . 


Az 




-pAph-Chg 


-Arg- 


31a-Pro-NH 2 




1 C 6 . 


Ac 


_ r-i 


-pAph-Chg 


-Arg- 


3ys (CH 2 -COOH) -Pro-NH- 
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A: 


"P 


-pAph-Chg 


-Arg- 


N { carboxymethyl ) Gly- 


Pro-NH : 


1 0 3 . 


Ac 


" L 1 


-pAph-Chg 


-Arg- 


■; car bcxy ethyl ) Gly-Pr 


o-NH : 


1 o . 


A: 


"P 


-pAph-Chg 


-Arg- 


U { 1 ( 1 , 3-dicarboxy ) pr 


opyl ) ] Gl y 








-Pro-NHj 








1 1 0 . 


Ac 


-P 


-pAph- lie 


-Arg- 


Leu-Pro-NH 2 





Alloc-D-pAph-Chg-Arg-Leu-Pro-NH 2 
Ac-P-pAph-Chg-Pal ( 3 ) Me -Leu- Pro-NH 2 
Ac-P-pAph-Chg-Arg-NH 2 . 



15 Although the invention has been described with 

reference to the disclosed embodiments, those skilled in 
the art will readily appreciate that the specific 
experiments detailed are only illustrative of the 
invention. It should be understood that various 

20 modifications can be made without departing from the spirit 
of the invention. Accordingly, the invention is limited 
only by the following claims. 



